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ON THE BENDING OF A SECTOR OF A CIRCLE 


Bv 


IL M. SEN GUPTA 

Department of Pure Mathematics^ University of Calcutta^ Calcutta 
[Received on I7th Junci 1960] 

The author determines in what follows the deHexion of the central of a thm elastic plate 

the form of the sector of a circle with special vertical angla under certain S^en disttibuU n ^ 

The two bounding radii will be taken to be freely supported and the circular of a 

or clamped. Prof. Galerkin used entirely different methods for solving the problem of the bending o 
sector of a circle (1919, 24). 


Case — I 


The deflexion of the central plane of a thin circular^ plate clamped at the edge 
fsra carrying a load of weight W concentrated at a point 0, distant b from t e 
centre is given by 


XJO = 


W 

8 TT D 


[ 


- R» log 



(1) 


Where R is the distance of any point P of the circular plate, from 0 and R is the 
distance of the same point from the point O', the inverse of 0, with respect to the 
circle and D has its usual meaning. (Michell 1902) 


Suppose now that the load be placed at the point whose polar co-ordinate 
(6, «) where o < 6 < a and o < « <? TT . Then the deflexion is giv^n by- 


are 
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Where R/ = {x " * -I' 

l^j'a K 3 (x - 1)' €(« rt/ + (V - *' sin '*)''' 
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Where Ra” = {x - 1) cos «/ - 
and R»'“ = («-*' cos «/ I 
We now consider the iuuction 

JJO - Vk 


— wr 

b' cos «j* i (y + b' sin <*)* 
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It is easy to shew that w ■ • *''* - U ovn r iuid iSmi Vf'*# i,.,; 0 

-’(h 

everywhere within the, sruii-drde (i< r < a, <>< (> < v rurpuu^ la {b, But 
if G be a auihcicntly auiall circle rowtid the imint the rrruilittni nonunl iluusi nmnd 
tlni circiHnift'tcucc n wright W« li. uh luHli^r msy to jihrw that w t‘v.i i) 

over 0 w 0 and 0 »» TT . U is also easy to prove that stress t* « ovr» t) « and 
6 xa Tt, Bo » as defined hy f'i) tepresenis the drileaion td the cettlud plutie <it the 
sertii circular plate td x. t o *; (f x rr uiulet the atdiiur ot a loarl td wei||[h.l^'A' 
concentrated at the pohit {b, a) with the citcnlar bowndaiy damped and the dm- 
meter {$ ss a, $ r) merely supported. 

Proceeding in the. manner indicated above we may Rbew that the drilcxion of a 
sector of a circle r «, a :[ (I p (A 1, 11, d,-.. ) whose dtcular Imim- 

dary is clamped and tlie, boimding radii merely suppoitnl t iu ryitrg a load of weight 
W concentrated at the point {b, «) where o < /r < a and o < <* < .,X »» gtven by. 
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Part II 

The deflexion of the central plane of a thin circular plate supported along the 
edge r == a, carrying a load of weight W concentrated at the point {b, o) {o <, b a) 
may be shewn to be given by the functions, to (»). (This problem was first solved 
by to “ppl. The author had no access to Fo “ppl’s work). 

^ = S cos n 6 {s = \, ‘2) 

n=o ” (5) 


valid respectively in the regions I and II defined by b ^a; o s b inclu- 
ding their common boundary. 


The functions (^ == 1 , ‘^) are given by- 


w. 


.(>) 


.(1) 


Afl''*'' + log r + (log f 

r~^ + + D^^'^rlogr 

= An^'V' + Bn^^V-' + + * (n 

in region I and by — 


( 1 ), 
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(2) + Co^2)^, 


Ao 
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in region II 

The values of the constants A, B, G, D are given by — 
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Valid m the regions I and II respectively with the same as before. 
Now, suppose a load of weight W be placed at the point r s b, $ ‘ 
Denoting the corresponding deflexion by ~(^) we have 

^ a \ “5 n (0 4- «) (s - 1.2) 
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(31) 



Now, the functiori'- 


w 




= w. 






-(■0 


= 2 S sin n « sin n 0 (^ = 1? 2) (32) 

nzz::o 

may be shewn to represent the deflextion of the central plane of the semicircular 
plate supported on all its edges carrying a load of weight V\ 

concentrated at the point «). 


And in general, we may shew that the function — 

= 2^ ^ 2 sin 2 a sin 2 ^ ^ = 1, 2) 

/l—l 


(33) 


(valid in the regions I and II respectively) represents the deflexion of the central 
plane of the sector of the circular plate (o ^ r ^ a ; o ^ 6 ^ (\ = o, 1 , 2, *) 


under the action of a load of weight W concentrated at any point {b, a) {o <ib 

0 ^ a ^ -IL\ all the edges being supported, 
o A / 


Region I is given by — 

b^r^a, 0 ^ 6 ^ and Region II is given by — 
2^ 

0 ^ b, 0 ^ 6 ^ •^(\=o, 1, 2, ) 

Part III 


Let 0 S r s a be a circular plate and let it be supported along the edge 
carrying a load of weight W spread uniformly along the circular arc r — b, - a 
< 0 <I«(o <a < tt). Then the deflexion of the central plane is given by — 


w 




..W 


w 


I W Sin n o ^ 

+ 2 a cos n 6 

n— 1 n n« 


(34) 


valid in the two regions l{b^rga) and llio^r%b) where are identical 
with those occuring in the previous section. 


As before, we may now shew that the deflexion of the central plane of the 

sector of the circle (o g r ga, o g 0 g ; A = o, 1, 2, ...) carrying a load of 

2 ^ 

■yveight W spread uniformly along the circular arc r 
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TT 

where + with supported edge is given by tlic. fimctions- 

f)A 


W o X + 1 (■') sin2^.nn! . a « . A 

w = 2 g - siu 2'' nft s«i 2^ n 0 


«=1 2^n 


valid respectively in the regions- 


(I) b^r^a^o^ 9 s 


TT 


(i' =5 1 , 2 ) 


(II) oSrib,o^d s 


TT 


Part IV 

The deflexion of the central plane of a thin elastic dvcular idute ehunnrd 
along the edge r = a, under the action of a load of weight W distribuirti utufi.utily 
along the radius 0 = 0 is given by (1931) ^ 

Wa2 rl /2r® o , a . / 2r® , r r® . r \vm 0 
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where— 


We break up the above series for aiji into two parts v'a, 

Wi = u + V 
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(contributions to the stresses G, N due to u may be proved to be Continuous 
thr^ghout the plate including the boundary r = a, excepting at the point f = a, 

Further, u satisfies the differential equation Vi* « = o throughout o < r <fl. 

\ CO ^ 

The trigonometric series f cs. % 1 

n = 4 (n^ - i) (n^ - 9) 

is uniformly convergent in 6 for all 9, 

r- w ? therefore represents a continuous function of 6. v as well as contributions to 
G, H due to V may be shewn to be finite and continuous throughout the plate bv 
ascribing to . and the contributions to G, H due to v for r = o their correspondiS 
limiting values as r tends to zero. orresponaing 

Now formal differentiation gives— 


Vi® f 


+ (39) 


and since the resulting series is uniformly convergent in 6» the sim of c.. • • 

the correct expression for ° series is 

_ Now denoting tlm contribution by n to the normal shearing stress N across a 
circular are r = const by Nj We have — ® "'-loss a 

Ni = - D-|:- Vx't' 

= - ^[| + / 4 logl+ . I co^l 

T a \ ^ a } Q „^2 - 1 ■* ( 40 ) 

Nj is thus continuous throughout the plate excepting at the centre. 

Again, denoting the contribution of v to the normal shearing stress across a 
radial element 9 = cost by Ng we have — 

N.--D^V> 

The above series is uniformly convergent in the range si^d ^2 TT — s, 
where and s.^ are arbitrarily small positive numbers. This shews Iharthe above 
series is a correct representation of N^ at all points of the plate excepting at the 
centre and along 6 = o. 

The formal process of differentiation leads to 
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TVDur 


r , “3 1 
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OD 

These series S cos n 6 does not converage. It diverges for 6 = o or 

n = 1 
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a multiple of 2ir and Is sumlflablc (G, l) to the value i for other values of 0. 

We therefore take up the curvilinear rectangle— 

f « fi , r ■ fa 
0 = y , 0 fi 

Where o < < fj < a and Y < S (o <8 - f < 'dir) 

We may prove easily that / N is taken along the edges ot the above rectangle 
is equal to 

. WCn - /a) r i (8 - y) + 1 ^ 1 (43) 

TT a ^ n = 1 ^ 

Ifo < 7 < 8 < 27r, the above rectangle docs not contain any mrt of the 
line 0 = oin its interior or on its boundary. And the above value of j N taken 
along the edges is given by — 

Jn.. = - y) + 1-^-5. («) 

If however - Tr<y<o<S<7rthe rectangle coniiuns the part ol the 
line 6 = 0 which lies between the circle r ~ and r » fj, and in this ctise— 

I’n i s = - (43) 

Also if we take a circle of radius (o ■’i fj) a) the value ot jNis taken 

* . W r. 

along the entire circumference is equal to 


Since ti, r.^, and Y and 8 arc arbitrary within the Uraita prescribed above, it 
follows that a load of weight W is spread uniformly along the radius 0 --ai o while 
the other parts of the circular plate is free from load. 


It is easy to verify that Wi = 


3 W i 
z7 


=s 0 arc satisfied over r =«« 


It follows that w, given by formula (36) represents the dellcxion of the central 
plane of a thin circular plate clamped at the edge r ~ a carrying a load of weight 
W spread uniformly along the radius 6=0, 


Now, following the plan sketched above we may easily prove that the function 
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V Sin 3 « Sin 3 0 
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, rt-) r 1 \ " 4 2 r® I Sin n a sin n 6 "X 

(« - 3) jTi - i)7r+- J 


(4(5) 


represents the deflextion of the central plane of a thin semi-circular plate o'^t iiO; 
0 £ 6 £ TT clamped along r = a and supported along 0 = o and 0 = w, carrying 
a load of weight W spread uniformly along the radius 0 = a (o <« C^TT), 
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And finally the deflexion on the sector o o ^ 6 ^ — (A = 1,2,3, .••) 

carrying a load of weight W distributed uniformly along the radius d = a {o <d< 
TT \ 

—-1 where the circular boundary r a \% clamped and the bounding radii d =o, 
TT" 

Q == — - are merely supported is given by — 
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CO 
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«=1 TTdC 2^V - I ) ( 2‘^V - n ) P ' 2^n+2 
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2^n 3 ,1 A 1 
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(47) 


I am indebted to Prof. N. M. Basu for his kind interest in the preparation of 
the paper. 
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GriEMlcAL INVESTIGATION OF BRYONOPSIS LAOINIOSA 

FRUIT OIL 

By 

VISHWA PAUL, MEM RAJ and K. I- MANDA 


Regional Research Laboratory, Jammu 
[Received on 7tU May, 19G01 


ABSTRACT 

The fixed oil forming 10'2 percent of the fruit 

Stearic 19-75%, atachidic 2-8%, and oleic acid 51*9% m mixed acul (me wu. 1 he unsapouiiiaWt, 

8-6% of the oil consists of |3-8ito-aterol, colouring titaticr and a itydrocartHsw. 

Bryonopsis ladniosa (Linn.) Naud. (Syn. Bryonia lacmosa Utxn.) 
or shivlingif,) is distributed throughtout India from the Htmalyas to 
bitter and -aperient and is considered to have toxic properties. 
indigenous s^em of medicine in fevers with llatvilcncc. A hutei principle 
‘bryonine’^ has been reported in the plant and no other work on the plant appears 
to 4ve been done. The fixed oil from the ripe fruits was therefore, investigated. 


EXPERIMENTAL 


The dry ripe fruits procured locally were extracted with 
(40-600), a dark viscous oil in 10'2 % yield was obtained which showed the follow 
ing physico-chemical constants : 


Sp. Gr, at 

0-9305 

Ref. Index at 2PO 

1*4952 

Acid value 

4-5 

Saponification value 

189-5 

Iodine value (Wij’s) 

22-3 

R. M. Value 

0-77 

Polenske value 

0-4 

Unsaponifiable matter 

y-6/. 

Hehner Number 

hO-6 


The oil was saponified and the unsaponiablc matter separated from mixed 
acids, the acids showed the following chemical constants ; 

S. V, 

I. V. 
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'T* • The mixed acids were then separated into solid and liquid acids by rriodified 
Iwitchells lead-salt alcohol method.^ The percentage and chemical constants of 
liquid and solid acids are given below 


Yield 

Solid acid fraction 

11 % 

Liquid acid fraction 

89% 

S. V. 

205-9 

212-1 

I. V. 

6-8 

50-8 

Quantitative Estimation of Solid Acids Fraction : 


The solid acid fraction was convened into methyl esters. 20-19 gm. of the 
esters were distilled under reduced pressures (5 mm.) with the following results : 


b. range 

wi. in grams. 

Si 

165- 170° 

9-273 

s, 

0 

0 

CO 

I 

r-- 

2-123 

S3 

181-190° 

2-592 

S 4 

above 191® 

0-852 

s„ 

residue 

4-610 


Loss during distillation 

0-741 

The different fractions obtained were analysed and percentage of various acids 
in solid acids and mixed fractions were as follows : — 

Acids 

Percentage in S. acid 

Percentage in mixed 


fraction 

acid fraction 

Palmitic 

11-64 

1-28 

Stearic 

52-66 

5-79 

Arichidic 

25-44 

2-8 

Oleic 

10-23 

112 


The fatty acids of each fraction were liberated and a method was sought to 
identify the acids by use of paper Chromatography. Spiteri^s* partition Chromato- 
graphy of fatty acids technique with a little modification gave reliable results. It 
was necessary to use known pure acids as control reference for unavoidable varia- 
tion in Rf. values. However, this is a satisfactory method for rapid identificatian of 
individual acids. 

Whatman No. 3 paper stripe were impregnated with liquid paraffin in petro- 
leum ether (40 60°) solution (10% w/v). The fatty acids were disolved in acetone 
so that 36 mg. of acids were present in 26 ml. of solution and applied to the paper 
and latter developed with 90% acetic acid. After drying, the Chromatograms were 
treated with (Ac 0)2 Cu and K^Fe (CN)^. The acids appeared as brown red copper 
complexes. Spiteri used benzene solution for impregnation and reveals the spots by 
the silver salt method. 
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Qt/aniitaim Estimation of Liquid Acids Fraciion ; 

The estimation of the liquid acids were carried out by two methods, bromina- 
tion and methyl-ester method. 

(a) Bromination method— 10 gms. of the acids from the liquid acid fraction were 
estimated by dissolving the acids in dry ether (at - lO'^C) were brotninated according 
to Jamieson and Boughmann’s* modified method. The results are given below : 


Acid 

Percentage in 

Liquid Acids 

Percentage in 

Mixed Acids 

Oleic 

56-5 

50-3 

Linoleic 



Linolenic 


*** 

Saturated acids 

43^5 

49*7 

(b) Ethyl-ester method— The liquid acid fraction was converted into methyl esters. 
The ester mixture (35*3 1 gm.) was fractioned under reduced pressure and the results 
are as follows 

Fraction 

Temp, range 

wt. of fraction in gms. 

u 

155- 160° 

()-230 

L, 

161-165° 

12*046 

La 

166-170° 

4-710 

La 

171-181° 

3-836 

La 

above 181° 

2-U15 

Lf 

residue 

5-817 


Loss during distillation 0'656 


... ^apomficatmn and iodine_ values of each fraction were determined. The 
iiDeratea acids from each fraction where Chromatographed by above mentioned 
technique, and each constituent was identified from the chromatograms. From these 
values, the amount of various acids in different fractions were calculated. The 
percentage of each liquid acid fraction and in the mixed acid fraction is given 


Acids 

Percentage in Liquid 

Percentage in Mixed 


Acid Fraction 

Acids Fraciion 

Palmitic 

27-26 

24-26 

Stearic 

15-69 

13-96 

Oleic ' 

57-06 

50-78 

Linoleic 

««« 


Linolenip 
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The total percentage of the various fatty acids in solid, liquid and mixed acids 
fractions of the Bryonopsis laciniosa fruit oil, are as follow : — • 


Acids 

S, Acid Fraction 

L. Acid Fraction 

M. Acid Fraction 

Palmitic 

11*64 

27‘26 

25*54 

Stearic 

52*66 

15*69 

19*75 

Arachidic 

25*44 


2*8 

Oleic 

10*23 

57*06 

51*9 


The unsaponifiable matter was chromatographed over alumina using pet^^ 
leum ether (40— 60'^)5 benzene and chloroform as eluants.^ After removal of the 
solvents from the eluants, the following products were obtained : — 

1* White waxy solid m.p« 62 “* 64^ soluble in absolute alcohol, methanol, 
benzene and chloroform. The mixture gave negative Liebermann^ 
Burchard colour reaction. No pure substance could be crystallised 
out from this. 

2. Colourless needles, recrystallised from methyl alcohol m.p, 137 - 38®, 

It gave positive Liebermann-Burchard colour reaction. The acetate 
had m.p. 127 - 28*^. The substance appears to be ^ - sito sterol. 

3. Colouring matter rn.p. 205-208° was obtained. This also could not 

be obtained in crystalline form. 

We are very grateful to Dr. I. C. Chopra, Director, Regional Research Labora- 
tory, Jammu, for his valuable advice during the course of this investigation. 
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ABSTRACT 

The effect of mixing ammonium chloride, aodiiun phosphate (NiignP 04 ) and oil cake in soil on 
pH and conductivity during 180 days of exposure to sunlight has been sludmcl* Initial change in pi { 
and conductivity values of soil suspension are due to the nature and laiUbring action of the 'nlilnUuux 
added and also due to adsorption of ions» With increasing days of exposure irregular iticreiwe in eor^ 
ductivity accompanied by decrease in pH can be expl;unc<l by tint fact that ihenc variailonfi are detiendent 
on various factors like hydrolysis of colloidal compkXi, adsorption of CO| from lUinosplictn 'nrthni tif 
micro-organisms, change in the deirec of dhperslou aird formation of electrolytes m a resttlt ofeadly 
solublesalts. A large increase in conductivity m.iy indicate that the stnl i,Mhvrnitabk\(»dnt4<>guod 
activities, there are more water soluble minerals present and' tltcrcforcj, for nipid littcmiion of olant 
food. I 

The pH of a soil dispersed in water is not ji sitnple concept, for the soil 
particles, which carry ions with them arc quite large us compared to molecular 
dimensions, and these ions, are therefore, not uniformly distributed throughout the- 
solutionA The pH of a soil, as measured by shaking in water, depends on the 
ionic concentration present in it, presence of substances capalilc of changing their 
state oxidation or reduction and the carbon di-oxidc concentrations in soil air. Tlie 
conductivity of soil suspension, on the other hand changes wiihdilution.tcmpcr- 
amre and period of standing. Thus, investigations based on the determination of 
pH and conductivity values of soil unier changing physic d, cnemieal and biolo- 
gical conditions, present a complex yet interesting aspect of study. 

The present communication deals with changes in pH and conductivity values 
of 1:5 soil suspension by mixing ammonium chloride, sodium phosphate {Na.HPUi) 
and oil cake, during 180 days of exposure to sunlight. Oil cake ueed in these 
experiments was “rantil” or niger-seed (fiuizolia Obyssimea. Gass) oil cake alw com- 
monly known in Hindi as “Ramtil”, which is commonly cultivated for its seeds 
from which oil is extracted. 


EXPERIMENTAL 

coarsetvS!Sr.H°‘ a cultivated field was air dried and 
DiffmlE^nf powdered and seived through 100 mesh. 

Sonc of each of the above mentioned substances. 

Srlv eiLed m 2^^ glass jars and 

S Th?Smr^ cvcryday, for a pcriod ofl 80 

mately 20“/ bv the rptnil r° was kept constant at approxi- 

rSLSddlvs m looft.^ The mixtures were Stirred 

were collected Lfore ^‘‘f^rent soil samples from the glass jars 

Sdayt ^ ® ® <>« after irrtervals of 
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The soil suspensions were prepared by taking a soil water ratio of 1:5, as 
adopted by G. S. L R. Division of Soils, in wide mouthed hard glass bottles jand 
shaking them mechanically for one hour.^ These suspensions were made in distilled 
water which was aerated to bring it in equilibrium with carbon-dioxide of the 
atmosphere. This was done by bubbling air from outside the laboratory building 
through it for 24 hours. The conductivity determinations were carried out at 30 ± 
0*05^ G in an electrically maintained thermostat using Doran conductivity bridge. 
The cell constant was determined using N/lOO KGlsoln and the specific conductivity 
of all suspensions were calculated. The pH values were measured using Beckman 
pH meter with glass electrode and calomel as reference electrode. 

TABLE 1 


Set No. 


Composition 


1 Soil alone 

2 Soil +0*5% ammonium chloride 

3 Soil+0’5% sodium phosphate 

4 Soil+0’5% ammonium chloride4-0*5% sodium phosphate 

5 Soil + 0*5% oil cake 

6 Soil + 0*5% ammonium chloride + 0*5% oil cake 

7 Soil+0'5% sodium phosphate + 0*5% oil cake 

8 Soil+0‘5% ammonium chloride+0*5% sodium phosphate +0*5% 

oil cake. 


TABLE 2 

Temp, 30°G, 


Period of 

Set 1 

Set 2 

Set 3 

Set. 4 

exposure 
in days. 

Sp. cond. 
xlO-5 
mhos 

pH 

Sp. cond. 
xio-5 
mhos 

pH 

Sp. cond. 
xio-s 
mhos 

pH 

Sp. cond. 
xlO-5 
mhos 

pH 

0 

4-815 

7-95 

185-7 

7-35 

24-07 

8-15 

183-6 

7-50 

30 

9-135 

8-15 

186-7 

7-60 

15-67 

8-25 

181-4 

7-75 

60 

0-099 

8-00 

188-8 

7-45 

16-53 

8-15 

183-6 

7-55 

90 

15-18 

7-85 

188-3 

7’35 

17-66 

8-05 

182-4 

7-40 

120 

18-83 

7-70 

188-8 

7-30 

21-61 

7-90 

“ 186-3 

7-35 

150 

21-21 

7-75 

189-8 

7-25 

25-18 

7-95 

188-6 

7-30 

180 

25-30 

7-60 

190-3 

7-20 

27-71 

7-60 

188-6 

7-20 
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'fcittp. 3()«C. 


Period of 

Set 5 

Set 6 

Set 1 

Set 

a 

exposure 
in days 

Sp. cond, 

mhos 

pH 

Sp. cond. 
xio-s 
mhos 

pll 

Sp. cond. 
X 10 
mhos 

pi 1 

Sp. cond. 
X U) * 
mhos 

pH 

0 

22-70 

7-60 

188'4 

7'40 

29-49 

7-90 

188 5 

7*60 

30 

13-07 

8-20 

188-4 

7-70 

19-61 

«'20 

183-5 

7-70 

60 

14-29 

7-90 

191-8 

7-60 

21-21 

8-25 

188*3 

7-50 

90 

19-69 

7-65 

190-3 

7-35 

21-11 

8-05 

186-3 

7-45 

1 20 

21-41 

7-55 

192-3 

7-30 

20-20 

7-95 

1B9-8 

7-30 

150 

23-60 

7-40 

194-8 

7-30 

22*99 

7-70 

194*8 

7-30 

180 

26-92 

7-35 

198-9 

7-20 

28*92 

7-5.5 

190-8 

7-15 


DISCUSSION 

Results recorded in tables 2 and 3 show variations in pi I and conductivity 
values of soil on the addition of ammonium chloride, sodium plumphatc and oil 
cake. These results can be discussed in two parts. 

(i) Changes in pH and conductivity values at zero time i,e, at the starting 
time. 

(it) Changes during monthly periods. 

{ij Variations in conductivity at zero time arc due to the chunge in the concen- 
tration of ions in the soil solution brought about by the adsorption of above mention- 
ed substances. NHiCl brings about greater change in conductivity than NagHPOd 
(sets 2 & 3) which is due to the fact that NH4GI being strong electrolyte dissociates 
to a greater extent than NajHPOd. Similarly increase in conductivity in set No. 5 
on the addition of oil cake is due to the presence of small amounts of nitrogenous, 
phosphatic, potassic and other water soluble substances in it. 

The results at zero time for respective soil treatments can be analysed as 
follows 


Conductivity of Soil (Set. 1) 


4-8 

Cond. of Soil + NHdCl (Set. 2) 

» * f 

185-7 

Therefore, Cond. of NH4CI in soil 


180-9 

similarly Cond. of NagHPOi in soil ... 


19-27 

„ Cond. of Oil cake in soil 


17-90 

Cond, of NH4CI + NaatlPO^ should be (calculated from 
above data) 

205-0 

But, Conductivity actually observed is (set 4) 

... 

183-6 

Difference 


21-4 
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iSimiiarly, Gond. of soil -f NH4GI + oil cake should be 
Gond. observed (Set. 6.) ... 

Difference 

Calculated Gond. of Na^HPO* + Oil cake 
Observed Gond. of NaaHPOt + Oil cake (Set. 7) 

Difference 

Gal. Gond. of NH4GI + Na.HPOi + oil cake ... 

Obs. Gond. of NHjGl + NajHPO* + oil cake ... 

Difference 


... 203'd 
... 188-5 

... 51-1 

... 42-97 
... 29-79 

12-18 
... 222-87 
... 188-50 

... 34-27 


The above differences in conductivity can be due to buffering action of sodium 
phosphate and oil cake. They show that NHjGl is remarkably buffered by the 
addition of NajHPOi and oil cake. Buffering capacity of sodium phosphate is 
increased in presence of oil cake. 

A persual of pH values at zero time shows that by the addition of NH4GI the 
pH is lowered to 7-35 showing acidic reaction of ammonium chloride as well as 
the fact that it contributes H+ to the soil. Addition of oil cake with NH^Gl checks 
the pH at 7-40 again showing the buffering action of oil cake. Initially high pH in 
case of NajHPO^ can be attributed to its alkaline nature. 

These observations show that adsorption of ions by soil colloids is an important 
factor during the decomposition of inorganic and cwganic matter in the soil. Sodium 
phosphate and oil cake may act as buffers in controlling the pH of the soil. 
Bhattacharya and Bansal* also observed the buffering action of oil cake and calcu- 
lated that an alkali side buffering action of oil cake is better than that of leaves. 

(ii) The changes in conductivity and pH values between 30 days and 180 dap 
of exposure to sunlight show that, in^ general, there is an irregular increase in 
conductivity as the time increases showing thereby that changes -in conductivity are 
dependent on various factors. During this period soil system enters into various 
complicated phases. Due to high mobility of H+ the conductivity should be high 
when pH is low and vice versa. It is seen that though the general trend of readings 
is that increase in conductivity is accompanied by decrease in pH this is not 
rigorously true. At certain places decrease in conductivity is accompanied by a 
decrease or no change in pH and vice versa. These results slmw that changes in 
pH and conductivity appear to be connected by more than one factor alone. 

According to Benade* the factors which influence change in conductivity can 
be grouped under the following heads : — 

(a) adsorption of GO^ from tjie atmosphere, 

(ft) action of micro-organismsj 

(c) change in the degree of dispersion of solid phase, 

(d) the formation of simple electrolytes as a result of solution of easily 

soluble salts and the formation of colloidal electrolytes by the 
colloidal complex.® 
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increase in conductivity in set 5 may be tbc rwult of bacterial activity, and 
mineralization of oil cake. Conductivity may increase mspuc at low pr.mortK.ns of 
H ions (i.s.. higher pH valucs)» provided niiiieralizauim »» gieat. Dining its 
decomposition, ammonification and nitrification, oil cake produces certain complex 
organic acids which decrease the soil pH* CO* resuUmg (rom the dccoinposttion of 
organic matter dissolves in water to form carbonic acid as, 

CO, + H,0 HjCOs 


and thus the pH of soil system is lowered. 

Increase in pH values at 30 days of exposure in set 2 can be due to the presence 
of basic ammonium ion in the system, but as the oxidation proceeds nitrates are 
Oj Oj , . . . 

formed, ammonium nitrite nitrate. The nitrates formed give rise to nitrous 
and nitric acids as well as nitrites and nitrates of cations, thus resulting in dwrease 
in pH and increase in conductivity. Moreover, with increase in time NH*U gets 
hydrolysed and thus contributed E"*" to the soil. 

Decrease in conductivity in sets 3, 4, 7 and 8 with sodium phosphate added to 
the soil after 30 days of exposure to sunlight can be due to the ‘fixation* of soluble 
phosphate because of calcareous natures of the soil- The solulilc phosphate rcactB 
with calcium compounds present in the soil resulting in the formation of CaliFOji 
wiaich is probably unstable in soil and reverts to Ids available forms. Increase in 
conductivity with time are, thus, due to hydrolysis of calcium phosphate. With 
increase in days of exposure the pH decreases thereby that more phosphate is 
joining in to solutions. 


It can not be easily said to what extent mechanism of the changes in pH and 
conductivity is governed by H ion concentration, mineralization of organic matter 
and . the role of microbial populations in soil. It can, however, be reasonably 
inferred that a large increase in conductivity may indicate that soil is favourable to 
biological activities, there are more water soluble minerals present into it for rapid 
liberation of plant food. 

One of the 4uthor8 (M. K. D.) is thankful to the Ministry of Education, 
Government of India, for awarding a research scholarship, which enabled him to 
' carry out the above work. 
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ABSTRACT 

Phosphate adsorption studies were made with barium, strontium and magnesium derivatives of an 
Indian montmorillonite (Kashmir bentonite) sample. Four phosphate solutions of different pH were 
employed. Ba-montmorillonite was observed to rem )ve phosphate from the liquid phase more effectively 
than either Sr- or Mg-montmorillonite. In view of higher adsorption of phosphate from alkaline 
phosphates, it has been pointed out that chemical precipitation played a significant role in this process. 
Such indications were obtained from the non-linearity of the plots between log c and log xlm which 
• carry their usual meanings. 


INTRODUCTION 

In soils, most of the ions are generally associated with the solid phase, a 
large portion of which constitutes clay minerals. Activities of such substances in 
relation to their behaviour with the surrounding ions depend to a large extent on 
the amount and variety of their adsorbed ions, their inherent nature leading to their 
specificity in structure and the typical deportment of the liquid phase. It is easy 
to understand that undei such circumstances the behaviour of heteroionic minerals 
with the surrounding cations and anions is hardly within the reach of comprehen- 
sion and a nearest approach to their behaviour can be made, provided they were 
studied in homoionic forms. It is natural to conclude that the behaviour of a 
heteroionic mineral is the total cjffect of deportment of various cations that it 
carries and separate studies on the mineral derivatives prepared by each of these 
cations (homoionic forms) would favourably indicate their total behaviour when 
associated together with a particular clay. In the present study, adsorption 
capacities of three derivatives of an Indian montmorillonite (Kashmir l^ntonite) oiz^^ 
barium-, strontium- and magnesium-montmorillonites, have been reported and the 
phase of reaction in which the process would be most favoured with these homoionic 
clays have been determined. A few years back, Mitra and Prakash (1957) made a 
somewhat similar study with a different species of Indian montmorillonite. 

EXPERIMENTAL 

2*5 gm of the derivative minerals (well pulverised) were taken in several 250 
ml conical flasks and treated with 100 ml of the phosphate solutions. Then, the 
mixtures were shaken in a mechanical shaker for an hour, and kept fm 48 hours in 
a thermostat at 30° G. The supernatant liquid was analysed for P^Og content. 
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The results obtained have been plotted and presented in the graphs to observe the 
validity of Freundlich’s adsorption isotherm rule. The results were originally 
calculated in terms of mg. of PjOj in 100 ml. solution. 

The derivatives were prepared by the method described by Mitra and 
Prakash (1957). 

Description of the curve* is given below : 

Curv$s a. Adsorption of phosphate ion from PO« 

b. Adsorption of phosphate ion from (Ntl|), HPO, 
t. Adsorption of phosphate ion from NH*HaPO* 
d. Adsorption of phosphate ion from HjPO* 


DISCUSSION 

The following graphs clearly show that the adsorption of phosphate by 
hoinoiomc Indian montmorillonitcs considerably depends upon the. nature of their 
cMhangcablc cations ^ the reaction of the added phosphate. In all cases, 
favoured In high pH phosphate solution, it is natural to conjecture 
tnat the penetration of a cation into the active portion of the mineral changed its 



( m ] 



A perusal of figs. 1 to 3 would show that the plots between log € and log ^jm 
which have been used here with their usual meanings, are not linear. Thus, they 
do not obey Freundlich^s adsorption isotherm rule. It may be concluded from the 
trend of curves observed in these investigations that with these systems, physical 
adsorption plays a negligible role and the adsorption probably occurs in multi- 
layers. All curves are typically iS-shaped and it is, therefore, undoubted that the 
mechanism of adsorption is practically identical in all the cases. It may be men- 
tioned here that all the three cations introduced in the active portion of the 
mineral are known to form insoluble phosphates in a medium of low hydrogen ion 
concentration. Results reported in the present investigation adequately indicate 
that such events do occur with Ba-, Sr- and Mg- montmorillonites when they are 
kept in association with alkaline phosphates. 
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ABSTRACT 

Hydrated molybdic oxide precipitated from a solution of ammonium molybdate with hydrochloric 
acid has been found to be a good adsorbent for the acidic dye fluorescein. The adsorption isotherms 
deviate from the ordinary ones and they are S' shaped being convex to the conccntratioit axis. This is 
explained as due to the nature of the dye anions in solutions where they exist in a highly associated state 
i. e. ionic micellar sate. It has been found out that the amount of the dye adsorbed inereasej both with 
time and temperature. The results point oat that adsortlon of fluorescein on hydwus molybdic oxide is 
mainly chemisorption, possibly proceeded by physical adsorption. 

Hydrated molybdic oxide precipitated from anolution of ammoniam molybdate 
with hydrochloric acid has been found to l)e a good ad.s(jrl)etu for the acidic tlye 
Fluorescein. Pelet and Jolivet’' studied the association of methylene blue with 
silica. Gyani* showed from his adsorption studies of methylene blue and 
crystal violet on silica gel that adsorption equilibrium is similar to that obtained 
in the adsorption of water vapour on solids. Bancroft and Suidas^ made 
quantitative observations on the adsorption of dyes in presence of cations and 
anions by hydrous oxide sols. The H+ ion concentration influences the taking up 
of dyes by mordants.* Tewari and Ghosh® have clearly shown that tlie adsorption 
of Congo Red by hydrous chromium or aluminium oxides depend supon the H'*' ion 
concentration of the medium in which the oxide is suspended. 

Morgan® is of the opinion that the adsorption of dye stuffs as exempUfied by 
aluminium-alizarin lakes is due to the formation of definite metallic chelates. But 
Biltz and Ackerman’ opined the formation of adsorption complexes. Valko* regards 
adsorption as merely the first step in taking up of a dye by a fibre which is 
followed in time by the chemical union between the dye molecules and fibre 
molecules. 

In the light of the above controversial ideas it has been thought worthwhile 
to investigate the adsorption of dyestuffs in its various aspects. Since hydrous 
molybdic oxide adsorbs to a good extent the dye. Fluorescein, the present communi- 
cation describes the nature of the adsorption isotherms as also the effect of tempera- 
ture on the extent of adsorption. ^ 


EXPERIMENTAL 


The 


E Merck anTrT “lolyMate (NH,)„Mo,0,4.4H,0 and HOI were of 

of H iit?' A ^ respectively. The dye, Fluorescein (Soluble), was 

by xisinff ^100 ^ of molybdenum was obtained 

uLSinn Tu f molybdate solution and 24 c.c. of 2*5 NHGl for 

Hence the TtM.r'r.% precipitated oxide is appreciably soluble in water®, 

tben the sample mother liquor for a week and 

The precipitate was water till free from adsorbed electrolytes* 

CStimated^as lead mo™bLte and the molybdenum content wg« 
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increasing amounts of the dye solution were added to 25 c.c. of suspension m 
several 250 c.c. flasks maintained at a temperature of 30°G in a thermostat. After 
through shaking, the total volume was made up to the mark and was kept at the 
same temperature lor another five minutes. A part of the solution was taken out 
and centrifuged for a constant time 10 minutes in every case and the amount ol 
dye in it was estimated by a Photoelectric Colorimeter (Litchtele Liches Kolorimeter, 
Model VI) using a blue filter and 30 cx. cuvettes. Since the adsorption of this 
dye is a slow process, the measursments were made at definite intervals of time, 15 
minutes, 30 minutes, 1 hour, 2 and 3 hours, keeping the flasks at the same tempera- 
ture. Since the original amounts of dye added are known, the amount of the dye 
adsorbed can be calculated. The results obtained at difterent temperatures are 
recorded in the following table, and the adsorption isotherms are shown in 
Fig. 1. 

Amount of molybdic acid present in 25 cx. suspension=0*2429 grams, (m). 
Strength of dye solution used = 0*02 %, 
c = Equilibrium concentration (in mg.). 

X = Amount of dye adsorbed (in mg.). 


Time of contact - 3 hours 


VoL of 
dye 
added 


30OG 


Temperature 

4000 


50°C 

(c.c.) 











c 

X 

x/m 

c 

X 

xjm 

c 

X 

xJm 

15'0 

0-92 

2-03 

8-567 

0-86 

2-14 

8-810 

0-80 

2-20 

9-057 

12-5 

0-81 

, 1-69 

6-676 

0-72 

1-78 

7-028 

0-67 

1-83 

7-350 

10*0 

0-70 

1-30 

5-352 

0-60 

1-40 

5-763 

0-57 

1-43 

5'8Q1 

7-5 

0*50 

I'OO 

4-117 

0-43 

1-07 

4-406 

0-43 

107 

, 4-406 

50 

0*32 

0*68 

2-800 

0-30 

0*70 

2-882 

0-28 

.0-72 

2-972 


DISCUSSION 

It was observed that a good amount of adsorption occurs within the first few 
hours but as much as 2 to 3 days are required for complete equilibrium. The adsorp* 
tion of Fluorescein is a slow process and increases with time. Similar results have 
been reported by Yoe^^. From the values of the amount of the dye adsorbed and its 


[ 231 ) 


equilibrium conccutratiou after 3 hours 

Ssorbatc, the adsorption isotherms were drawn. Ihc adsorption carves snow 


Fie.i APSORPTION isotherms 



EQUILIBRIUM CONCENTRATION (in m^.) 


a deviation from the ordinary adsorption isotherms specially for smaller duration 
of time. The curves are S shaped being convex to the concentration axis and very 
similar to the exprimental data of Goolidge’^*' for the adsorption of water vapour 
by charcoal. Hajela^* too has obtained similar isotherms in his adsorption studies 
of crystal violet dye on hydrous chromic oxide* This characteristic form oi 
isotherms has been ascribed by Goolidge to molecular association of polar substance 
in sr^ntion. 

C^oudhary and Das Gupta^^ have shown that Eosin and Eluorescein dyes 
arc polar substance^ behaving as colloidal electrolytes and thus remain in a highly 
associated form in solution. So, the S shaped curve for the adsorption itolhetMS 
obtained in the present case justifies the contention of Coolidge. 

Generally adsorption is an exothermic process and so increase in temperature 
ilsaiiJd cause a decrease in adsorption. But it is significant to note from the table 
the amount of the dye adsorbed increases with temperature* Similar results 
l^yc ako been reported by Dajela (foe. nV), H. S* Taylor'^, in hh General theory of 
m^aiiom emtgy^ k adsmpUm process has pointed out the possibility of rising values of 
adsorption with increasing temperature. The Fluorescein dye is well known to 
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exist in an aggregated state as already pointed out, and so an increase in tempera- 
ture may cause the dissociation of the micelle into simpler units resulting in an 
increase in adsorption. Also the results of experiments on the irreversibility of 
adsorption j heat of adsorption, slow rate of adsorption, which will form the subject 
matter of further communications, established the fact that adsorption of Fluorescein 
on hydrated molybdic oxide is mainly chemisorption, possibly preceeded by physi- 
cal adsorption. 

The authors thank Prof. A. K. Bhattacharya, Head, Department of Chemistry, 
for his keen interest in these investigations. One of the authors (U. V. S.) is in- 
debted to the Government of India for providing a research scholarship. 
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A STUDY ON THE ADSORPTIVE BEHAVIOUR OF MON'I’NlORILLOHirE 
and KAOLINIPE clays Wi ni PHOSIMA FES AT DIFFEREN F pH 

VALUI'IS 

By 

SAM,\RI',NK)R\ KUMAR Dli 

Chemical Labora'oius^ Ui.ivcrdty of AUahahiul, Alhthubml 
[Keceivt'd ini 5th Oclobci', IhliO) 


ABSTRAGl' 


The adsorption of phosphite ions from eiglit phospbiUe samples of difrerent pi t, liy Kashmir 
bentonite, Wyoming bentonite, liihar kaolin (Jhik I’nui) arid t <eti)'gi.i kaohii, has been _ stiuhcil at 
different pH values. It has generally been oltservcd that with both the mmeriils, the udsorptioiiterid* to 
be greater in cases where the addition of an acid has been intHln at tl thw tendt iicy gels (httuiii.ihed itt the 
presence of an increased number ot Itydroxyl ioius in die systrrm t'Cnrially, m till rase*, ishittplnne 

fixation is accompanied by anincrease in the restdiaut pH. iht thwe liMW, it ban hern ptwnditlrd^ that 

the hydroxyl iom arc released and the phnsphait; ions tire rcniovcd troin the sohitioii. SilK;a/f.r»|Mioxidc 
ratiooftheinineralswaslbundtol-cthc more impo.iimi factor UdluuuitK the phosphate itdsotpdon 
process. 

WTRODUOnON 

Recently, in a detailed study on the adsorptive Irchaviour of tnoiitmorillonitc 
and kaolinite clays with different phosphate ions, Ott (1) cniphasi'/.cd the coinplcxity 
in the nature of the mechanism of the proccifs and observed that neither chemical 
precipitation nor metathetical reactions could alone explain such I'lhcnomena. Such 
conclusions were also reached by a number of other woikers (2, 3 , 4 , 5, 6, 7 , 11 , 9 , 10 ). 
The probability of exchange reactions involving liberation of hydroxyl ions in the 
system was, however, postulated to be one of the mechanisms through which the 
phosphate ions were removed from the solution. These cxdiange reactions were 
thought to be partly physical and paitly chemical in nature, in order to use the term 
in its broadest possible sense. The explanation that the adsorption phenomenon 
occurs through exchange of hydroxyl ions was primarily ba.sed on the observance 
of the tendency of the phosphate ions l 3 cing removed preferentially more from the 
acid phosphates than from the alkaline ones. The adsorption studies were carried 
out on the comparative basis and it was observed by Dc (I) that by performing such 
investigations with different phosphates and minerals it became easier to indicate 
the more important factor (silica/sesquioxide ratio) influencing the pl'o.sphatc 
adsorption process. In order to get further support on this point it was deemed 
nwessary that the adsorption studies be made at different pH and the changes of 
pH were noted. The experiments reported here are only for throwing light on the 
point that the release of hydroxyl ions from the minerals either due purely to 
exchpge reaction or chemical precipitation, evoked in presence of different phosphate 
wfutions, is the outcome of one of the several reactions causing phosphate 


EXPERIMENTAL 

1, ™'"erals (Kashmir bentonite, Wyoming bentonite, Bihar 

phosphates (H3PO*. Nli*HaP(\, 


NaHgPOi, NH^NaHPOi, 
for the investigation. 


NajHPO*, (NH,),PO* Na.PO,, and KaPO*) were taken 
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The Indian samples were collected from their respective places and the foreign 
samples were obtained from Ward’s Natural Science Establishment, Inc., U. S. A. 

For identification, the X-ray analyses of the minerals were originally performed bv 
Late Dr. S. P. Mitra. o / r / 

The samples of minerals were finely powdered and sieved through a 103 mesh 
sieve. 2*5 gm. of these minerals were taken in different 253 ml. conical flasks and 
90 ml. of aqueous solutions of hydrochloric acid or of sodium hydroxide (of 
known pH values) were added and were allowed to stand at 30 for 24 hours. To 
these, 10 ml. of the phosphate solutions containing 33*8046 milligrams P2O5 were 
added. The flasks were allowed to stand in a thermostat at 30°G for another 24 hours 
and were occasionally shaken. After the period, 10 ml. of the supernatant liquid were 
p^etted out. P2O5 content was estimated by ammonium phosphomolybdate method. 
pH determinations were made in the solutions of the duplicates by Leeds Northrup 
pH meter operated on 22Cv/50 cycles a. c. mains. A glass •* calomel electrode 
system supplied by the same manufacturer was employed. The scale was calibrated 
with the help of a phthallate buTer before measurements and was cheked 
occasionally. 

RESULTS AND DISCUSSION 

The results are observed to be somewhat erratic in nature. Nevertheless, 
appreciable fixation from the phosphate solutions was found, increased tendency 
of this fixation being more in the presence of an increased hydrogen ion con- 
centration. As the concentration of these ions was reduced, this tendmcy was 
considerably diminished and thus, at higher pH the fixation was less than at lower 
pH. From acid phosphates, also, the fixation was more than from the basic 
phosphates. Further, the minerals montmorillonites recorded higher fixation than 
the kaolinites and among themselves the Indian minerals seem to be better 
adsorbents than the corresponding foreign species used in these investigations. 

Bradfield, Scorseth and Steele (11) stated that the fixation of phosphate depends 
upon three conditions overlapping in nature : — 

(i) At pH 2 to 5 the reaction is due to the gradual formation of iron and 
aluminium ions and their precipitation as phosphates. 

{ii) At pH 4*5 to 7*5 the phosphate seems to be fixed on the surface of clay 
minerals. 

(Hi) At pH 6 to 10 the phosphate is fixed largely by divalent cations, if 
present. 

Mattson (12) has also drawn the following conclusions from his curves which 
registered four maxima : — 

1 . At very high pH, The highly insoluble basic phosphate is here preci- 

pitated by calcium which in its silicate, carbonate and humate 
combination is partly displaced by sodium. 

2. At pH ^ 1^ to 8, A less basic neutral or slightly acid phosphate is here 

precipitated by calcium which in its silicate and carbonate com- 
bination is here actively displaced by FI+ ions. 

At pH 4. The PO4 adsorption (precipitation) due to aluminium begins 
at much high pH but attains here a maximum as a result of rapid 
activation of aluminium ions which in their hydroxyl, silicate and 
humate combination are here actively displaced by H"** ions^ 
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4. At pH 2. The PO, adsorption due to iron Ijfgina likewise at a much liighcr 

pH but attains here a maximum as u iTStilt of uipid activation as in 

the case of calcium at pH 7 to « and nluminiunt at about pi I 4. 

In the case of bentonites, a few observations were notcil which supported the 
contention of Scarseth (4) and others that the maxiinuin lixatuMi of phosphates by 
these minerals usually occurs at pH 6. Similarly, lu the ease of kaolinites, the 
maximum fixation was found to occur at pH 4, which diminishe«l towards the 
alkaline side. 

The pH of the solutions used in these invcstigatiotis varies from 4 to 10; it 
is, therefore clear that the phosphate fixation has taken place under nearly all con- 
ditions prevalent in nature. 

It is rather difficult to distinguish between the phosphate adsorption by 
chemical precipitation and surface adsorption. In view of the complexity in the 
nature of the phenomenon, it may be pointed out that there is every possibility of 
an associated role of the factors responsible for adsorption being played in the system. 
In every case, however, it has been postulated that the hydroxyl iims are released 
and the phosphate ions arc removed from the solution. In the arid mnge, the pH 
of the mixture rose, indicating thereby the; interactions occuring between the minerals 
and the phosphate solutions involving also the release of tlic Iiydntxyl ions _ frttra 
the solid phase. Some workers believe that that the increase of pH of the mixture 
may_ also be due to the removal of IH ions from the reactitpj systemt. The 
possibility of such an event seems less probable in the present investigation in view 
of the absence of this tendency in moat cases towards the alkaline, side, It may, 
however, be conjectured that the addition of atiucous .sodium hydroxide to the 
minerals caused precipitation of some of the sescpiioxide portiotr of the clays as 
hydrous oxides of its components, and the adsorption occured under the itdluence 
of their activity. Such precipitates varied in their nature of basicity depending 
upon the pH of the system (1), and thus the amount of adsorption of phosphates 
varied accordingly. The reaction of aqueous sodium hydroxide with the minerals 
causing such precipitations naturally diminished the pH and because of low fixation 
of phosphate at higher pH, the release of hydroxyl ions as a result of adsorption is 
not as much as the amount of hydroxyl ions removed from the solution for 
precipitation. Perhaps because of this break in the balance of the total active 
hydroxyl ions, the pH of the mixture recorded a low pH in the alkaline range. 

Higher fixation from montmorillonite samples has been ascribed to be due to 
either of the symmetrical structure of the minerals or to their having low silica/ 
sesquioxide ratio. These results are also, in general, supported here. 

Further, k is significant that the adsorption from ammonium and sodium 
phosphates is higher than potassium phosphates. Recently Bottini (13), noted 
that phosphate bound to H,+ Na+ or Ga+ ions were generally more subjected 
to fixation than those bound to K+, It thus appears that the adsorption of phosphates 
also depends appreciably on the nature of the cation. 

It is, therefore, evident that the reactions responsible for the retention of 
^osphates by these minerals involve mainly the release of the hydroxyl ions from 
the solid phase and the removal of the phosphate ions from the surrounding 
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CHEMICAL GOMPOSrnON OF PEGAMUM IIARMALA SEED OIL 


By 

VISHWA PAUL, HEM RAJ E- L. HAN DA 
Regional Research Laboratory, Jammu 
[Received on 22nd July, 196jl 

Peganum Barmala Linn. (Vein. Harmala) N. O, Rutaccae, is a tall hciliaccoos 
plant which grows throughout India. The seeds sue narcotic and are given in 
fevers and colic and are also used for eradication of tape-rworui.*). In addition to 
alkaloids^ the presence of 14-23% oil® is reported but the chemical composition of 
the oil does not appear to have been worked out. 

The crushed seeds on petroleum ether cxtractioti in a soxhkt gave brownish- 
yellow oil in 11-1% yield, having following characteristics 


Specific gravity at 31 °G 0-91G3 

Refractive index at 3 1°G 14723 

Acid value 5*3 

Saponification value 184*5 

Iodine value (Wij’s) 120*5 

R. M. value 0-77 

Polenske value 0*45 

Unsaponifiable matter 7*3,^ 


was saponified and after removal of the unsaponifiable matter 
(33*9 gms), the acids were liberated, these showed the following constants 

Neutralisation value 201*2 

Iodine value (Wij’s) J27-5 


_ Twichel’s Modified lead salt alcohol method* 
mixed acids into solid acid and liquid acid fractions. 


was applied for 


splitting the 


Liquid acids fraction 
Percentage 
Neutralisation value 
Iodine value (Wij’s) 


91*8 

201*a 

130*5 


[ m ] 



95^5 gms. ivtethyl ester of' these on fraction at reducedl pressure (5mm) gave 
the following results : — 


Fraction 

Boiling range 

Weight in gms. 

K 

166-1710 

10-082 

La 

■ 171-1760 

13’173 

L3 

176-180° 

13'976 

u 

180-1810 

3-364 

Lb 

181-181^ 

13-361 

L, 

18lQ-falling 

2-145 

L7 

Residue 

9-0 

Loss during distillation 


0-399 

The different fractions obtained were analysed^ and percentage of various 
acids in liquid acids and mixed acids fractions were as follows 


Acids Percentage in Percentage in 

L. acids fractions M. acids fractions 


Palmitic 

15-2 

13-93 

Stearic 

0-24 

0-02 

Oleic 

43-2 

39*65 

Linoleic 

41-4 

38-0 


The acids of each fraction were identified with the help of paper chromatog- 
raphy, Whatman No. 3 paper strips were impregnated with liquid paraffin in 
petroleum ether (40°“60°) solution (lOj^ w/v). The fatty acids were dissolved in 
acetone so that 35 mg. of acids were present in 25 ml. of solution, and applied to 
the paper and later developed with 90% acetic acid. After drying the chromatograms 
were treated with (ACOO}2 Cu (copper acetate) and K4Fe(GN0). The acids 
appeared as brown-red copper complexes. 


Solid acids fraction 


Percentage 

0-2 

Neutralisation value 

201-6 

Iodine value (Wij’s) 

5-2 


The quantitative estimation of this fraction was also made by the methyl- 
ester method.^ The dried methyl esters mixture (19'962 gms.) was fractionated 
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imder redu-ccd pressure (5 mm). The results arc as follows : - 


Fraction 

Boiling range 

Weight in gnis. 


155-1(JOO 

8*1811 

Sa 

160-1700 

3-40 1 

^8 

170-174“ 

5’G43 

Si 

174-185° 

3-5J7 

Sg 

Residue 

2-874 

Loss during distillation 


2*302 

On analysing different fractions and idcntifyintf the liberated acitb wirh (4,e 
help of paper chromatography as above the percentage 

mixed acids fractions is given below ^ m w«u auos mm 

Acids 

Percentage in 

S. acids fraction 

Percentage in 

M. acids iractions 

Oleic 

5-8 

0*48 

Palmitic 

48-1 

3*94 

Stearic 

29-54 

2-42 

Arachidic 

8-42 

0-69 

Behenic 

8-21 

0*67 



Palmitic 

48*1 

Stearic 

29-54 

Archidic 

8-42 

Behenic 

8-21 

Oleic 

5*8 

Linoleic 

MM* 


15*2 

17*87 

0-24 

2*64 

- 

0-69 

- 

0-67 

43*2 

40-13 

41*4 

38*00 
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tJ nmponifiable-maUet 

The unsaponifiable matter was chromatographed over aiumina using petroieurUj 
ether, benzene and chloroform as successive eluants. After removal of the solvents 
and repeated crystallisation from alcohol, following products were obtained:— 

1. White solid (3*2 g) on fractional crystallisations gave two substances (a) 
m.p. 63*65® and (b) m. p, 79-81®. Both of these gave negative Licbermann 
Burchard reaction. Substance (a) exhibited violet blue fluorescence in u, v. light. 
These appear to be some hydrocarbons, 

2. White silky needles (23 g) m.p. 139-40,° acetate m.p. 127-28®. Liebermann- 
Burchard colour reaction in this case was positive. This is B-sito sterol. 
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^tABlLITSf OF Lf OPHOBIC SOLS 

part V- INFLUENCE OF NON^BLECrROLYrES ON HIE AOSORlUIOiN 
OF IONS BY HYDROUS FERRIC OXIDE SOL 


By 

GUR PRASAD md SATVESIIWAR G4!OHll 
Chemical LaboratomSf University of Allahabad, Allahabad 
[Received on 15th October, 1960] 


ABSTRACT 

The adsorf)tion of coagulating ion CUfrom KGt lm» been MtmitirciLfor positively diiirged w>l of 
hydrous ferric oxide during its coagulation in presence of various non^'eleetroiyto, m,, etitvl irierthol, 
acetone, glucose, urea and gelatin. The adsorption of the stabilking ion lit baa wlno l>een ilrtcntisned 
foraprecipitateof hydrous ferric oxide in the pracnce of the mtm dum dcctrolyin*4. It hm i»ecn 
observed thatjhcre is a dimunition of^ the adsorption of both the stabiUsIng arKl crmgulatit'ig lotii iirthn 
pesen^ of ethyl alcohol and acetone. With glucose and urea there k an iitere.tse in the atlfti)r|rta)n of 
boih Cl- and With gelatin, there is a decrease of the adsori;giiUU>f both stiibilimng and 04»agukibg 
ions at lower concentration while the reverse is observed at higher concentrations. It w ffceti tbai where 
the adsorption of both the siabilking anti tH>agi»hitlng ioiw whikt for 

smbihsation thw has ’increased. It is, therefore, concluded that the ckcrcitse of the ttlnoriition of either 
tne stabilising or the coagulating ion cannot explain sensitisation or stabilisation* 


INTRODUCTION 

the adsorption of coagulating ions during coagulation of 

dcctrolytcs both in the 
tI* stabilisation of 

BaGl,m presence of phenol and the adsorption of Bn+'' 
was Hu. non-clectrolyte. He pointed out that stalrilisation 

Mukherie.* rn.HH * ''"‘ .“I adsorption of BaH- by phenol. 

Svl ilmhnl ..mUk ®*Pi«ation. Ghoudhuryi reported that 

iSses a£ adsorption of Ba+» 

H^rw^hi. decreases m presence of increasing concentration of alcohol. 


experimental 

ferric'^cHoride'^^bv concentrated solution of 

washed tm it was The precipitate was thoroughly 

precipitate was tak.n witk j alkali or acid. A suspension of the 

ion. A known volume nf tL water to study the adsorption of stabilising 

in a Veitrof were taken 

formation. Dk«cn?amo.mts'«fwm*“®“'*“i.®“ 

upto 100 ml. In the corresnmi^iSi volume made 

also added The contents senes a known amount of non-ekctrolyte was 

titrated for H+. overnight and the supernatant liquid was 
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The precipitate of hydrous ferric oxide was washed till the supernatant liquid 
was found free from Cl~ It was peptised by shaking it by a Microid Shaker for 
about 48 hours with about 0*04 N HGL A clear brick red sol was obtained which 
was centrifuged by a Sharpie’s Super Centrifuge at three speeds namely 6,000 r.p.m,, 
14,000 r.p.m* and 22,000 r.p.m. to have three samples with different average sized 
particles. All the samples A, B and G were diluted to contain the same amount 
of Fe+’^+/lit. The sol was also used to study the adsorption of the coagulating ion. 
A known volume of the sol was taken in a series of volumetric flasks and sufficient 
KCl was added so as to coagulate it in about an hour. The total volume was 
raised to 100 ml. In the corresponding set a known amount of non-electrolyte was 
also added. The contents were kept overnight and the supernatant liquid was 
titrated for Gl". 

In tables 1 and 2 we give the adsorption of stabilising ion. 

Concentration of the suspension = 5*19 gms. FcjOa/lit. 

Volume of the suspension taken = 10 ml. 

TABLE 1 


Amount added Amount adsorbed gm. eq. of H+ x 10^ 


gm. eq. oi lu* 

No non-elec- 
trolyte 

3*0% ethyl 
alcohol 

3-0% 

acetone 

3-0% 

glucose 

3-0% 

urea 

100-0 

8-62 

8-40 

8-40 

9-20 

9*60 

50*0 

8-64 

8-40 

8-50 

9-20 

9-61 

33-3 

8-70 

8-42 

8-40 

9-24 

9-60 

25-0 

8-60 

8-46 

8-44 

9-30 

9-65 

20-0 

8*60 

8-50 

8-50 

9-21 

9-60 


TABLE 2 


Amount added 
gm. eq. of H+ X lO* 


Amount adsorbed gm. eq. of H+ X 10* 

No nonelec- 0*0001% gela- 
trolyte tin 

0*001% gela- 
tin 

0-01% gela- 
tin 

100-0 

8-62 

8-00 

16-40 

15-60 

50-0 

8-64 

8-10 

16-44 

15-54 

33-3 

8-70 

8*00 

16-40 

15-60 

25-0 

8''60 

8-00. 

16-46 

15-62 

20-0 

8-60 

8-10 

16-40 

15-60 


Conentration of the sol = 6’96 gms. FcaOs/lit. 
Volume of the sol tal?en = 10 ml. 
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In tables 3-7, we present the values of tine adsorption of coagulating ion. 


'rABLi''. :t 


Ethyl alcohol 

Ait'uniiit ndsorbcHl g»:i 

. rq. ofUl X in* 


Amount added 

Sol A 

•Sol B 

Sol tl 


gm. eq.of 
Cl-xlO' 




0-0 

50-0 

17'B1 

20*t>2 

25*80 

1-0 

50-0 . 

14-8() 

17*50 

22*41 

2-0 

50'0 

i4-8r> 

17*48 

22*40 

3-0 

50'0 

14*84 

17*47 

22*36 

4-0 

50-0 

14*82 

17*42 

22-32 

5’0 

5Q'0 

14*82 

17*41 

22*32 

TABLI^: 4 

Acetone 

Amount added 

Amount adsorbed gim cq. 

of CU'K 10* 

% 

gm. eq. of 
Gl-xl0« 

Sol A 

Sol B 

Sol C 

b-o 

50-0 

17*81 

20*62 

25*80 

■1-0 ■ 

50-0 

8*22 

10*91 

15*90 

2-0 

50*0 

8*20 

10*90 

15*90 

3-0 

50*0 

8*21 

10*88 

15*87 

4-0 

50-0 

8*17 

10*82 

15*81 

5-0 

50"0 

8*17 

10*81 

15*81 


TABLE 5 


Glucose 

Amount added 

Amount adsorbed grn. cq. 

ofGl-Xl0‘ 

% 

gm, eq. of - 

* 

■ 



GlxlO* 

Sol A 

SolB 

Sole 

., 0*0 

50*0 


20*62 

25*80 

1*0 

50*0 

27*30 

30*21 

35*60 

- ..2*0 

50-0 

27*32 

30*21 

35*61 

3-0 

50*0 

27*31 

30*32 

35*63 

4*0 

50*0 

27*34 

30*26 

36*64 

5*0 

50*0 

27*34 

30*28 

35*64 
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TABLE 6 


Urea 

Amount added 
gm. eq. of 

Gl-xlO^ 

Amount adsorbed gm. eq. 

ofCl-xl0« 

Sol A 

Sol B 

Sole 

0-0 

I'O 

2-0 

3'0 

4- 0 

5- 0 

50-0 

50-0 

50-0 

50-0 

50-0 

500 

17-81 

37-36 

37-36 

37-37 

37-39 

37-38 

20-62 

40-20 

40-21 

40-21 

40-22 

40-24 

25-80 

45-50 

45-50 

45-52 

45-54 

45-51 

TABLE 7 

gelatin 

% 

Amount added 
gm. eq, of 
' GPxlO^ 

Amount adsorbed gm. eq. 

of Cl- X 10* 

Sol A 

SolB 

Sole 

0-0 

50-0 

17-81 

20-62 

25-80 

0-0001 

50-0 

7-60 

10-31 

15-30 

0-001 

50-0 

27-50 

30-41 

35-01 

0-01 

50-0 

27-46 

30-40 

35-00 


RESULTS AND DISCUSSION 

A purusal of the tables 1-7 shows that the adsorption of both the stabilising 
and coagulating ions decreases in presence of ethyl alcohol and acetone. With 
glucose and urea the adsorption of both Gl“ and H’*’ increases. In presence of small 
concentrating of gelatin, the adsorption of both the stabilising and coagulating ions 
decreases whilst at higher concentrations, the adsorptions of both the ions increase. 

The adsorption of the coagulating ion is more with the sol containing average 
finer particles. The decrease or the increase of the adsorption of coagulating ion 
is, however, more pronounced with finer particles, 

Weiser and others^ have pointed that for sensitisation there should be a 
decrease in the adsorption of staoilising ion or an increase in the adsorption of 
coagulating ion and for stabilisation the converse should be true, ^ The result, 
however, show that where sensitisation has been observed the adsorption of both 
the coagulating and stabilising ions has decreased, whilst for stabilisation this has 
increased. It is, therefore, not possible to correlate sensitisation or stabilisation with 
the adsorption of stabilising or coagulating ions. 
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STABILITY OF LYOPHOBIC SOLS 

PART VL INFLUENati OVmmMXmiOhYVES rm 
ADSORPTION OF IONS BY HYDROUS MANGANESE DIOXIDE SOL 


i?)? 

GUR PRASAD md SATVESI CWAR GHOSf ! 

Chemical LaboratoruSi Unimsity of Allahabad^ dlkhubml 
[ Received on ISth October, 1961) ] 

ABSTRACT 

The adsorption of the coagulating ion Ag'i^ from AgNC>a hm been for negatively idtarged 

sol of manganese clio,?cide during its coagulation "In presencn of vari(.nisi ncneclcetroLterii ctliyl itlcohoh 
acetone, glucose, urea and gelatin. ‘The adsorption (»f HtabUi^iing ion c;>U- hiei, howcvri’i teen iletci »'inned 
for a precipitate of hydrous manganese dioxide in the pfCHence of .mme non«rlet:irolyttfi. It hai fmen 
observed that the adsorption of both tire stabilising jind coagulating itinn derreanm in prctmiu''.e oi‘ rthylal* 
cohol and acetone whilst both increase in prt^stuice of glucose, ure«i and gelatiiu It is seert itiat where 
sensitisation occurs t 'ic adsorption of both the suirdisini m\d coagulating lorn tlecretw€*i while lor « tabili*^ 
sation this has increased. ^ It is therefore, concluded tfiat tine tbtrease of the adsorptitm of either the 
stabilising or the coagulating ion cannot explain sensitisation or itabilisalitm. 

INTRODUaiTON 

In an earlier communication^ wc noted tlie adsorption of stabiliiing and coagu-* 
lating ions in presence of various non-electrolytes for hydrous ferric <»ide* Here 
we have made similar study for hydrous manganese dioxide* 


EXPERIMENTAL 

The hydrous man^nese dioxide was precipitated from a solution of KMnO^ by 
adding an excess of HgOa. The precipitate was thoroughly washed with water till 
It was found free from any trace of acid or alkali, A suspension of the precipitate 
m water was used for the study of the adsorption of stabilising ion. 10 ml of the 
M of volumetric flasks to which dilferent amounts of 

aO were added the total volume made upto 100 ml. In the corresponding 

T “°“-el«trolyte was added. The coutcais were kept over- 

night and the supernatant liquid was titrated for OH**. * 

with constant 

of manganese dioxide was obtained which was pur i- 

ilhrLsSedsL^^^^^^^^ thencentrifLed 

at three speeds ^mely 6,000 r.p.m , 14,000 r.p.m. and 22,000 r.p.rn., to have three 

samples with different average sized particles. All the samples A, B and C were 

diluted, to contain the same amount of MnO,/lit. The sol ha? been mid to suidv 

the adsorption of coagulating ion. 10 ml. of the sol with sutBcicnt amoSof aK 

was taken in a series of vo umetric flasks. The total volume was rSS to 100 nd. 

^ known amount of nomeketrolyte was also added The 

contents were kept overnight and the supernatant liquid LsTtrated forAg+: 

In the following table the adsorption of stabilising ion are presente4, 

I 246 J 



Concentration of the suspension = 4*608 gm. MnOg/lit. 


TABLE 1 


Amount 
added gm. 
eq. of 
OH-xlO^ 

No non- 
electro- 
lyte 

Amounts adsorbed gm. eq. of OH"XlO* 


3-00/0 

ethyl 

alcohol 

3'0% 

acetone 

3-0»/o 

glucose 

3 - 0 % 

urea 

0-03% 

gelatin 

100-0 

12-00 

11-51 

11-72 

14-54 

12-92 

12-50 

50-0 

10-20 

9-60 

9-81 

12-61 

11-04 

10-60. 

33-3 

8-11 

7-52 

7-74 

10-52 

8-93 

8-51 

25-0 

6-60 

5-90 

6-10 

8-93 

7-33 

6-92 

20-0 

5-62 

5-00 

5-21 

8-00 

6-40 

6-00 


In the tables 2-6, we present the values of adsorption of the coagulating 
ion Ag"^. 

Concentration of the sol- 5*753 gm. MnO.Jlit. 


TABLE 2 


Ethyl alcohol 

0/ 

10 

Amount added 
gm. eq. of 

Ag+ X 10® 

Amount adsorbed gm. 

eq. of Ag”’' X lO^ 

Sol A 

Sol B 

Sole 

0-0 

33-3 

3-92 

6-61 

8-77 

1-0 

33-3 

3-55 

6-10 

8-14 

2-0 

33-3 

3-55 

6-11 

8-14 

3-0 

33-3 

3-53 

6-09 

8-13 

4-0 

33-3 

3-54 

6-09 

8-13 

5-0 

33-3 

3-50 

6-04 

8-06 


TABTE 3 


Acetone 

0/ 

lo 

Amount added 
gm. eq. of 
Ag+XlO® 

Amount absorbed gm. 

eq. of Ag+ X 10® 

Sol A 

Sol B 

Sol G 

0-0 

33-3 

3-92 

6-61 

8-77 

1-0 

33-3 

3-15 

5-73 

7-80 

2-0 

33-3 

3-14 

5-74 

7-80 

3*0 

33-3 

3-14 

5-71 

7-72 

4-0 

33-3 

2-96 

5-10 

7-21 

5-0 

33-3 

2-84 

5-00 

7-02 
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TAULli 4 


Glucose 

Amount added 

Amount adsorbed gm. 

(,uj. <d' X lb'* 

0/ 

/o 

gm. eq. of 
Ag+X 10'' 

Sol A 

Sol B 

Sol C 

0-0 

33-8 

3-92 

(idil 

8-77 

1-0 

33-3 

9-02 

11-74 

13-96 

2-0 

33-3 

9-02 

11-74 

13-95 

3-0 

33-3 

9-16 

11-81 

14-02 

4-0 

33-3 

9-20 

11-87 

14-10 

5-0 

33-3 

9-40 

12-lG 

14-46 



TAIJLB 

5 


Urea 

Amount added 

Amount 

adsorbed gm. et 

j. of Ag' X 10” 

% 

gm. cq, of 
Ag+xl0» 

Sol A 

Sol B 

Sol c: 

O'O 

33-3 

3-92 

li-61 

8-77 

1-0 

33-3 

7-41 

10-2G 

12-48 

2-0 

33-3 

7-40 

10-26 

12-46 

3-0 

33-3 

7-42 

10-29 

12 50 

4-0 

33*3 

7-42 

10-80 

12-52 

5-0 

33-3 

7-46 

l()-85 

12-58 


TABLE (> 


Gelatin 

“/o 

Amount added 
gm. eq. of 
Ag+X 10^ 

Amount adsorbed gm. eq. of Ag'' x 10” 


Sol A 

SolB 

Sole 


0-0 

33-3 

3-92 

6-61 

8-77 


0-01 

33-3 

7-81 

10-72 

12-82 


0-02 

33-3 

8-00 

11-04 

13-22 


0-03 

33-3 

8-46 

11-55 

13-80 


0-04 

33-3 

8-67 

12-47 

13-80 


0-05 

33-3 

8-67 

12-49 

14-93 
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RESULTS AND DISCUSSION 


It is seen from tables 1-6 that the adsorption of both stabilising and coagula- 
tions decreases in the presence of ethyl alcohol and acetone. With glucose, urea 
and gelatin, however, the adsorption of both the ions increases. 

The adsorption of the coagulating ion is more with the sol containing average 
finer particles. The change of the adsorption of coagulating ion is more pronounced 
with the finer particles. 

Some authors like Weiser^ suggested the diminution of adsorption of both the 
coagulating and stabilising ions by the addition of non-electrolyte. A decrease in 
the adsorption of stabilising ion or an increase in the adsorption of coagulating ion 
will result in sensitisation and the reverse will be the case for stabilisation. The 
results, however, show that where sensitisation has been observed, the adsorption of 
both the stabilising and coagulating ions has decreased whilst both increase where 
stabilisation is noticed. It is therefore, not possible to correlate sensitisation or 
stabilisation with the adsorption of stabilising or coagulating ions. 
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INTAKE OE PHOSPHATE BY INDIAN MONTMORILLONI PE (KASHMIR 
BENTONITE) IN PRESENCE OF AMMONIUM SALTS 


By 
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Chemical Laboratories, University of Allahabad, Allahabad 

[Received on I8th October, I960] 


ABSTEACr 

Phosphate intake capacity of a sample of Indian montinoril Ionite (Kiwhniir bentonite) Wi.i sttnlkd 
in presence of ammonium chloride, nitrate and sulphate All these salts were founrl to ii'ierea.% 
phosphate adsorption. In the presence of ammonium ehloritle, the intake tifplroHphiite was urn. 

Minimum adsorption of phosphate was recorded in the pmence of ammonium sulphme* Ammonium 
nitrate was found to take the intermediate position- In all cases, phosphate luborplkm wai iiaHunparucd 
b> an increase in the resultant pH. This has been ascribed to be due to the removal of llthOji- and 
UPOi®* ions formed in the solution at suitable pH and their reaiciion wait hydrous Iron oxide and 
hydrous aluminium oxide surface films and corresponding release of hydrox)! Ions. The posMitullty of 
exchange between OH“ ions present at the edga and comers of the rninmd lattice and the two phosphate 
ions, has also been referred to. Variations in the extent of phosphate adsorption in tlte presence ol the 
three dmmonium salts has been ascribed to the difference of HH Vidue (ratio of 11, K)r /II wt's) 
of the reacting system. 


INTRODUCTION 

Aromoni^ sulphate, ammonium nitrate and ammonium chloride have long 
been used as effective chemicals for the enhancement of soil fertility* It is 
natural to conjecture that the^ incorporation of such substances into soil systems 
considerably direct certain physico-chemical reactions which may or may not be 
pitab e for the growth and development of plants. Phosphorus being the second 
important member of the tno NPK, the phenomenon of phosphate fixation in soil 
has drawn much attention of the agricultural chemists; it is one of those reactions 
that IS also believed to be rnffuenced by the addition of ammonium salts. Since 
variations in the nature of such reactions are also caused by the clay mineral 

contents of soils, an approach into the actual nature of soil reactions may well be 

investigating the effect of such substances on the intake of phosphate by 
study, attempts have been directed to observe the 
nf ammonium salts referred to in the beginning on the phenomenon 

blntS one species of Indian montmorillonite viz., Kashmir 

of this montmnrillnn-i^^*^^ Prakash (12) studied the phosphate intake capacity 
ol this montmorillomte species in detail without any addition of salts. 

EXPERIMENTAL 

of the^clavSral 0^‘nincd from Kashmir. X-ray indentiBcation 

him In collaboration with 

im, fraicash performed the chemical analysis of the clay substance. 
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The adsorption experiments were carried out as follows 

2*0 gm. of the mineral (well-pulverised and 100 mesh- sieved) were taken in 
several 250 ml. conical flasks and to these were added varying amounts of the 
ammonium salts. 100 ml. of phosphoric acid containing 431.0550 mg of PgOg were 
then introduced into each of these flasks and were occasionally shaken. The 
flasks were afterwards allowed to incubate at room temperature (32^zhi^G) for 
24 hours. Next day, the supernatant liquid was carefully analysed for P^Og 
content by the usual ammonium phosphomolybdate method with certain modificat- 
ions (3), All pH measurements were made by Leeds Northrup pH meter operated 
on 220v/50 cycles a. c, mains. A glass- calomel electrode system supplied by the 
same manufacturer was employed. The calibration of the scale was made with 
the help of a phthallate buffer before measurements and was checked occasionally. 
The reasults reported here are in terms of mg. of P 2 O 5 in 100 ml. solution. 

Chemical Analysis of Kashmir bentonite (Prakash, 1956) 


SiOa 


Percent 

51-560 

Al20i, 


20-500 

FejOs 


2-200 

P2O5 


0-013 

KaO 


0-624 

MgO 


5-680 

CaO 


2-240 


r 

1 

Ga 77-20 

Exchangeable 

1 

Mg 28-09 

(m,e./ 100 gm) 

T 

1 

1 

K 1*54 


1 

1 

Na Trace 


TABLE 1 


Variations in pH of H 3 PO 4 with the addition of different amounts of NH^- salts 


Solution 


pH 


(Phosporic acid + NH 4 — salts) 

NH 4 NO 3 

NH 4 GI iNH4)3S04 

HsPO. + 0-5 gm. 

4-40 

4-2 

6-50 

H 3 PO 4 + 1-0 gm. 

4-65 

4-45 

6-75 

H 3 PO 4 + 1-5 gm. 

4-85 

4-70 

6-83 

H 3 PO 4 + 2 - 0 gm. 

5-20 

5*05 

6-90 
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TABt-E 2 

Adsorption of phosphate from OaPO, t)y Kashmir bentonite 


Initial Cone, 
mg. 

Adsorption 

mg. 

Initial 

pll 

(M' 

431-0550 

2-8440 

3-8 

3-85 


TABLE 3 


Adsorption of phosphate from HgPO* by Kashmir bentonite 

of NH*G1 

in presence 

Reacting mixture 
(Mineral + H3PO4 + NH 4 — salts) 

Adsorption 

mg. 

pE of the 
mixture 

Calcium 

released 

mg- 

1 

2 

3 

4 

2-0 gm + HjPO, + 0-5 gm NH^Gl 

155-960 

4-55 

33-6 

2-0 gm + H,POi + 10 gm ISIH4GI 

48-513 

4-62 

26-4 

2-0 gm + HjPO* + 1-5 gm NH4GI 

27-193 

4-85 

29*4 

2-0 gm + HjPO* + 2-0 gm NH4GI 

21*456 

5-10 

31-4 


TABLE 4 



Adsorption of phosphate from HjP04 by Kashmir bentonite in presence 

of NHiNOa 

1 

2 

3 

4 

2-0 gm + H,P04+ 0-5 gm MH4NO, 

38-4396 

4-60 

12-2 

2*0 gm + H1PO4+ 1*0 gm NH^NO^ 

33-1686 

4-75 , 

18-4 

2-0 gm + H,P04+ 1-5 gm NH4NOa 

8-2279 

4-88 

25-4 

2-0 gm + HjPO* f 2-0 gm NH4NO, 

7-7569 

5-24 

31-4 
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TABLE 5 


Adsorption of phosphate from HbPOi by Kashmir bentonite in presence 

of (NHJa SO, 


1 2 

3 

4 

2-0 gm + HjP 04+ 0-5 gm (NHi)jS04 7-7250 

6-65 

21-2 

2-0 gm + H3PO4+ 1-0 gm (NH 4 )jS 04 4-2530 

6-80 

22-2 

2-0 gm + HaP 04 + PS gm (NH4)2SO* 3-0900 

6-85 

23-2 

2-0 gm + HaP 04 + 2-0 gm (NH4) ^SOa 2*9987 

6-91 

25 - 4 ' 


From tables 1 to 5, it is clear that the addition of ammonium salts considerably 
increases the extent of phosphate adsorption by Kashmir bentonite. In every case, 
an increase in . the resultant pH was noted. The increase has bep appreciably 
influenced by the kind of anion associated with the ammonium radical. Further, 
increased hydrogen ion concentration in the reacting system has been found to favour 
increased! amount of phosphate adsorption. The ability of the different ammonium 
salts to enhance phosphate adsorption may be noted to exist in the following 
order : — 

NH,C 1 >NH 4 N 03 (NH 4 )aS 04 
DISCUSSION 

In a detailed study on phosphate adsorption by another .sample of Kashmir 
bentonide, De (3) observed the inverse relationship between pH and phosphate 
uptake. He also noted that in every case, phosphate adsorption brings about an 
increase in the resultant pH. In the present study however, such inverse relationship 
has been found when the adsorption studies were carried out in the presence of 
ammonium salts. Increased adsorption of phosphate was not observed from 
phosphoric acid the pH of which was lower than any of the solutions used in the 
present investigations. In all cases, however, phosphate uptake was accompanied 
by an increase in the resultant pH. 

Prakash (4) found with this montmorillonitc species increased phosphate 
fixation from NH4H3PO4 and (NH,)^ HPO, than from H4PO4. The enhancement 
in the extent of phosphate intake from H3PO4 by the present bentonite sample in 
presence of ammonium salts may, therefore be conjectured to be due to the 
formation of the following phosphate ions at the suitable pH levels used here : 

H3PO4 + NH4GI +HC1 

H3PO4 + NH4NO3 >NH4H2P04 4 - NHO3 

H3PO4 + (NH,)^ S04-^(NH4)3HP04 + H2SO4 

The HaPO," and HPO,"* ions are more easily removed from the solution by 
the clay mineral sample than H3PO4 and there would thus be comparatively lesser 
quantities of hydrogen ions present in the liquid phase resulting in the increase of 
the final pH. It is also undoubtedly that these ions reacted with hydrous iron oxide 
or hydrous aluminium oxide surface films of the mineral and relcs^sed corresponding 
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amounts of OH" ions in tha system. De (3) also showed the possibility of i 
exchange between OH" ions present at the edges and corners of montmorillon 
crystal and phosphate ions. It, thus, appears that all these contributed to the incre; 
of the resultant pH. , 

In general, it may be said that wherever the increase of the final pH was 
suflScient, there was lesser amount of phosphate intake. Further, the ratio 
H 2 P 0 t”/HP 04 "* ions (HH) seems to have guided considerably the phenomenon 
phosphate adsorption by the clay mineral in presence of ammonium salts, T 
value of HH would increase with decrease in pH so that in the mixture 
phosphoric acid and ammonium chloride there was more HjPO*" than HPO*® ' ai 
the picture was just the reverse in the mixture of phosphoric acid and ammonia 
sulphate. Prakash (4) has definitely showed with this sample of bentonite th 
phosphate removal in the form of HgPO^" was greater than in the form.of HPO* 
Variations in the extent of phosphate adsorption in the presence of 'ammoniu 
chloride, ammonium nitrate and ammonium sulphate may thus be ascribed to tl 
difference of HH value of the reacting system 

The release of calcium from the mineral has been found to Increase wi 
increasing additions of ammonium salts. But with the present data it is not possit 
to establish any relationship between released calcium and phosphate adsorption. 
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Movement of moisture under unsaturated PHASfi 

PART II 


By 

C. L. DHAWAN and NAND LAL 
Irrigation and Power Research Institute, Amritsar 
[Received on 3rd October, i960] 

It is well known that the movement of moisture under unsaturated conditions 
takes place primarily through capillary forces from surface to surface or in the 
small pores in the presence of numerous air water interfaces and the dominant force 
in such movements is the capillary potential. 

According to the modern concept the rate of capillary flow of water through 
soil is given by the equation. 

~ iT Grade 4 i/> (1) 


Where Quantity of water which passes in one second through one square 
centimeter of an imaginary place perpendicular to the direc- 
tion of flow. 

K = Capillary conductivity. 

Grade 4^ = Capillary potential gradient. 


The capillary potential depends upon the soil type, temperature, its compac- 
ticn and moisture content. If the former factors are fixed, the moisture contents 
becomes a measure of capillary potential. 

.% Equation (1) in one dimension becomes 


- if 


dM 

dX 


( 2 ) 


Where M = Moisture content per square centimeter 
=: A measure of force causing the flow, 
and X is the horizontal co-ordinate. 


Equation of Continuity}, 


A 



Let ABC be the line of flow and let AB = X and AG = + 8 a;. 

DEGF may be considered a small volume and the crossectional areas of the 
faces represented by DE and GF may be taken as A where A is very small. 
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Let the discharge at the face DE at time t be per square centimctci?. 
Total discharge in time S/ at the face DE =s AQSi. 

Total discharge in time at the face FG A ^Q, + 

Excess of discharge in over the discharge (Hit 

= AMst “ ^ (0+ 
dO. 

Original moisture content inside the figure -- M[.A. 5x. 

Its increase in time St = gt. A. Sx. 

A for the equation of continuity - A ga- fil = ■— . gt. a. Hx. 
Dividing by AgX 8^ and proceeding to limit 


SM 

d(X 


"sT 


(4) 

From (2) and (4) 


8M 



8< 

— K — 11“ 

S*» 

(5) 


This question is of the first order in t while it is of the second order in x. 
Case I. When it is of the first order 


8M /„ d* \ ^ 

U dx^ 

Integrating, log M == ( K^- ) < + G. 

Where G is arbitrary function of alone independent of time. 


Where 



dF (*) 


putting of G = log 4) (x) 

so that 4> (x) is an arbitrary function of x. 

Expanding the differential operator, we have 


M 


=( 


1 + K(. 


d* 


d* 


d** ■^d** 


K*t!» , K*l* 


4> (*) + Kt 


■ 

dx* 


+ 


KV 

"izr 


21 

d‘(/» IW 
dx* +11"' 


ai 


d6 

'die«' 


*) <^(.v) 


db4* 
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(6) 



This contains one arbitrary function ^ (x), as, it should. 

From the above equation Dhawan and Malhotra (2) had worked out the 
ultimate form of 



Case 11. When it is of the second order. 
Consider the equation 


dm 


dx^ 

Its solution is 




( 7 ) 


M = « A + B 

Where A and B are independent of x 
Applying this method to (5) 
d \l 


l^x 


M 


Where / and are arbitrary functions. 
Expanding the operators in (8) 


]S)I 


0 t )‘ 


1 




21 K \dt 


) 


JL 

3 1 K^/a 


41 

X 


( 4 ) 

i 

VrfT/ 

dt / ^ 


+ 


( 

J_ -f* . / ^ \ 

a I k*/2 ^~dr ) 

_L_ . 

4 1 K* \ / 


♦ «) 


^1 

K 


]/«) 


( 4 ) 


] i'(i) 


or 


= [/«)+♦(')]+ ( 4 -)* [/-#]4 


( 8 ) 
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+ - * ] 3-Fk-/. 

+ (^y 

Changing the arbitrary function to F (<) and f (t) where 
P (0 =/(<) + if'(/) 

♦<‘> = (■ 2 -)* [/(')-♦»] 

We have 


M 


F (H) + 


** . ^ 
2 1 K rf/ ■ 


4 1 K* i“ d?" 


+ ^-no + 


3 I K*/* di 


+ 


51K/» * 




This contains two arbitrary functions as it should 
At time t :ps 

F (0 and (t) arc constant and let * «. *, 

M'l = F (<) + ^ ^(t) 

Similarly at time t = 

> t = h 

= F (t) + ^ (/) 

M/3 = F(0+ 

From equations No. (9) and (10) 

F (0 and if (t) arc determined 
and from (11) we can determine K. 


(9) 


( 10 ) 

(II) 


[ 258 ) 



The determination of K with different types of soils under different conditions 
of compaction, moisture, temperature will reveal clearly the phenomenon of mois- 
ture movement under unsaturated conditions, which will ultimately help in solving 
the intricate problems of soil chemistry, land improvement and soil-mechanics. 


SUMMARY 

(1) A simple mathematical derivation of the theory of movement of moisture 
under unsaturated conditions has been investigated. 

(2) The determination of K will explain the phenomen on of the moment of 
moisture under unsaturated conditions and will afford the solution to many knotty 
problems of soil-physics and soil chemistry. 
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MIXED MESOMOREHISM 
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ABSTRACr 

A number of binary systems have been investigated with j&-a*oxyanis(>k sjs a liquid crystalline 
component and another arbitrary normal solute. It is observed that (i) mixed liquid crystals will always 
be formed over a certain minimum area irrespective of the shape, mzp and structure of the Holutc tnolccuks, 
(ii) dissimilarity in the molecules of the two components Cituics a dilHculty in the t^ddug of the luolrctiles 
together resulting into a concavity of the transii too lines which m..rca« to^a nuu’nuttin with increased 
mesomorphic tendency of the non-liquid crystalline component arul (iii) conirihutioo t^f the cetitral group 
towards the mesomorphic tendency of the nondiquid crystalline component stems to he negHgible* 


A nematic liquid crystal is a system of domain structure in wliicli rod-Hliaped 
molecules having translational freedom but rcatricteil rotational freedom, lit 
parallel in a given domain. Another substanc dissolved in such a litiuid would be 
in an anisotropic environment and it would alfect the proiHuiies of the 
mesomorphic substance in an interesting manner; the orientation of molecules in a 
mesomorphic substance will be affected to a more or less extent depending upon 
the similarity of structure of the dissolved solute, Simdar to the depression in 
melting points by the presence of a foreign substance, the transition pifints also 
undergo a depression, the extent of which, depends upon the concentratimi of another 
substance mixed with the mesomorphic compound and dUFers from solute to solute# 
It is known that on dissolution of another substance in a mesomorphic substance, 
mixed liquid crystals are formed and as the phenomenon of liepud crysrallirnty is 
called mesomorphism, this may be called *mixed rnesomorphism*# Such lyinliry 
systems of mixed mesomorphism may conveniently be divuleil into tlrrec types vk# 
(Ij where both the components are mesomorphic subwitancea, ( 2 ) wluu'c component 
exhibits mesomorphism and the other is a non-Uquid crystal and (3) where both the 
components are non-liquid crystalline compounds. 


A number of binary systems of the types mentioned above were studied by 
Prinah Bogojawlensky and Winogradov«, de Kock^, Waltm^ and others, A more 
systematic study in recent times, of the second type of binary systems was done by 
Dave and Dewar®'® who observed very steep transition lines in such systems wherein 
^-azoxyamsole was mixed with substances which should have less tendency to form 
Hquid crystals on fusion. It has also been observed that the transition lines of 
binary systems, the admixed molecules of which are of dissimilar shape and size 
have a tendency to show a concavity. During the course of our investigation we 
have studied the binary systems listed in table 1, comprising of /^-azoxyanisolc as a 
liquid crystalline component and another arbitrary non-liquid crystalline substance# 


The melting points and the transition 
binary systems arc recorded in tables 2 and 
lines of these systcins are given in table 4, 


points alongwith the eutectics of these 
3, Values for the slopes of the 
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TABLE 1 


Component A-^-azoxyanisole (a liquid crystal) 
Mixed with 

Component B 

1. Succinic acid 

2. a-Naphthol 

3. ^-Naphthol 

4. Benzoic acid 

5. ^>-Hydroxybenzoic acid 

6. ^-Hydroxy benzoic acid 

7. />-Ghlorobenzoic acid 


M. P. «G. 
184-0 
94-0 
123*0 
122-0 
159*0 
213*0 
236-0 



10 20 30 40 So Go 7o 8o 9o loo 

Mole j5^*Azo)tya7nsole 


Azo)(yomisole : <SLLCcmic acioL. 

Fi|- 1 

It can be seen that in the case of system no. 1 (fig, 1), where the non- 
liquid crystalline component is succinic acid, mixed liquid crystals arc certainly 
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Amorphous liquid-liquid crystal transition temperatures. 
The values are read from phase diagrams. 
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formed, but only up to 3'5 mole per cent of succinic acid. Any further additiun of 
succinic acid disturbs the specific orientation of molecules in the mesophase rcsuliint; 
in the complete disappearance of the birefringence. Succinic acid is an aliphat ic 
compound and hence without any benzene rings, at least two of which are Cnnsitlered 
to be the minimum basic structural requirement of mesoinot'phism in most c>f the 
liquid crystalline substances. However, the disturbing clFect caused by succinic 
acid is limited to a certain minimum. Similarly, a-naphthol and jS-naphtliol with 
two benzene rings but much dissimilar in shape and size to j^-azoxyatiisole, have 
less tendency to form liquid crystals, as is evident from the slopes of tlie transition 
lines given in table 4. Even then, mixed roesomorphisrn is observed up to 6‘5 and 
7‘5 mole per cent of the two naphthols respectively. This indicates that whatever 
be the structure of the solute molecules and howsoever they may differ in shape and 
size in relation to the solvent mesomorphic substance, there is a certain mimimum 
limit of distrubance by the solute molecules resulting in a certain roinimuux area of 
mixed mesomorphism; in other words, there will always be a minimum certain limit 
over which mixed liquid crystals will be formed whatever be the shape, size and 
structure of the solute molecules. 

Value for the slope of the transition line in the case of /3>naphthol is rather 
less than that in the case of «-naphthol, indicating a slightly greater tendency of 
j3-naphthol towards mesomorphism than a-naphthol. 

Systems 4 to 8 consist of benzoic acids as non-liquid crystalline components. 
These acids on dimerisation, form linear molecules with two benzene rings, a concli- 
tion contributory to liquid crystal formation. In a binary system of mixed liquid 
crystals the nematic-isotropic transition line is a criterion of the liquid crystalline 
tendency of the non-liquid crystal component. The values of the slopes of the 
transition lines given in table 4 decrease with the increasing polarity of the end 

TABLE 4 


Slope of the 

bubstance transition lines 

(“C/molc %) X 10 


1* Succinic acid 20*5 

2. a-Naphthol 31,-0 

^-Naphthol 26-5 

Benzoic acid 22‘5 

o-Hydroxybenzoic acid 27‘0 

i!>*Hydroxybcnzoic acid 18-0 

jti-Chlorobenzoic acid 15-5 

^-Toluic acid 15-0 


greater is the tendency for liquid 
oFthe orthn crystal component. It can be seen that the value 

Ot the ortho-hydroxy substituted acid departs a good deal from that of the 
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toriresponciing ^-hyciro:ky compoiind. Gray and Jones’ have obseryed that hn ^ 
linear nematic liquid crystal, increase in the breadth of a molecule tends to decrease 
or even destroy mesomorphism. OH group in the ortho position will increase the 
breadth of the acid molecule and hence will show a lesser tendency towards bqtnd 
crystallinity compared to the ^-hydroxy benzoic acid. 



A reference to the graphs (figs. 2 and 3) shows that ^-chloro and ^^•methyl 
substituted benzoic acids exhibit a concavity in their transition lines. This should 

[ 265 ] 




be expected when the molecules of the two cumponcuts JUrcr in shape and sizts, due 
to the difEculty in packing together of the molecules. This concavity sliould 
increase and exhibit a minimum in the transition line with the increased 
mesomorphic tendency of the non-liquid crystal component, which increases with 
increased polarity of the end groups. Such a minimum in transition line has been 
observed by Dave and Dewar" in the casts of the system />as!oxyatiisolc: anisic acid 
and by de Kock® in the system j!i>azoxyanisok: jfr-methoxy cinnamic acid. Our 
observation in the case of the system jS-azoxyanisolc: /-ethttxybenzoic acid is a 
similar one. This behaviour should be attributed to the dissimilarity in the shapes 
of the molecules of the two components. 



^ Chlorohenzoie acid and >(oluic acid on dimerisation will possess 0,01 and 

OT., CH. a. ,,, ■ H- 

»“JCH„CH. e.d groip, bT. kav. th. ,.„e 01, Cl 

t umeicnt central -OH;N-group; they obtained the 
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values for the slopes of the transition lines as 14*5 for both the systems. A reference 
to table 4 shows that the systems jC>-azoxyanisole: j!)-chlorobenzoic acid and 
/>-azoxyanisole; /-toluic acid give comparable values for the slopes of the transition 
lines. This indicates that in mixed liquid crystal formation, compared to the 
effect of the end groxps, the effect of the central group is either very small or 
negligible. 


EXPERIMENTAL 

Purification of the substances : 

^-Azoxyonisole was purified by repeated crystallization from alcohol to fine 
yellow needles. The other non-liquid crystalline substances also wero purified by 
repeated crystallization from suitable solvents like water or dilute alcohol to very 
fine crystals which melted sharply at their melting points given in literature. 


Method of study : 

The phase diagrams are studied by the optical method^. 


SUMMARY 

1. Mixed liquid crystals will always be formed over a certain minimum 
area whatever be the shape, size and structure of the admixed non- 
liquid crystalline molecules. 

2. In mixed liquid crystal formation, whenever the molecules of the 
components depart from similarity, the transition lines exhibit a 
concavity which increases to a minimum with increased liquid 
crystalline tendency of the non-liquid crystalline component. 

3. In mixed mesomorphism the effect of the central group of the non-liquid 
crystalline component seems to be small or negligible. 

Thanks of the authors are due to Professor S. M. Sethna for his keen interest 
in this work, and M. S. University of Baroda for a research grant. 
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ON THE MUTUAL INDEPENDENOE OF A SET OF VACATES IN 
MULTIVARIATE ANALYSIS 


By 
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[Received on 19th July, 1960] 

INTRODUCTION AND SUMMARY 

In Section 1 the mutual independence of the determinant of the? dispersion 
matrix and the ratio of the determinants of two types of the dispersion matrices 
satisfying wilts’ (Kendall 1951) distribution of dispersion in Multivariate Analysis, 
has been considered. 

In Section 11 the mutualindcpendcnce, of the deTeTminant of r? the second 
order product moment in the pool of all samples and the determinant of the ratio 
of the sum of the second order product moment of the samples and the second 
order product moment in the pool of all samples, has been considered* The 
generalisation of the results will form the subject of furtlicr research. 


SECTION I 


LH dispersion matrix 


S 151- 

Sample 


'^j) 

n 


I 


ij — ^ih. — , 1 fl 1 = determinant ( a - | 

fl 

and ) a I = [ <j - Then ] a ] , | a' I satisfy 

Wilks distribution (Kendall 1951) 

Lemma 1. E (X' = E (XU E (Y'j 

for every non-negative integers r, s Where X = 1 | , Y 



Now E I 1 a' I = E { I a' 1 1 a | ■ = — '( / 

r 1 a' I M ' J 1 B I »* kJi 

r(i ^ - k) + r} r_j ( « + 1 - fe) r { j (« - it) -i- , } 

r + I - A) A=i ”T i (n - A) { —(TT'r-iy+T} 


^ E { 1 a' 1 ’'}E 




f 2P j 



Hence we have 


Theorem 1* | | and mutually independent. 

Proof *The characteristic function of the joint distribution of X, Y is 


-^>(^1, /»)= s il-E X + rf 

Q = 0 1.9. 


a 

= s 

q = 0 


1 - 

l! ^ 

ic ij_n. 

a 

= S 

9 

s 

(i h f"' 

q = 0 

s ^ 0 

\q-s 

a 

‘ % 
a' ~ 0 

(i h ) 

It 

e(a'9' ) 


q-s s _ j-s 


- /a h E (js: r 


E 




Hence we have the result. 


SECTION II 

Let there be a set of K samples of sizes 
from a p variate normal population. 

Let3Ci (1) be the mean of i th variate in the I th sample. 

Tbcniy. (/) = ^{x.^ (1) - ^\l)} {xj^ (0 - y (^)} 

n. X second order product momcn'; in the I th sample 


Let 


5 bij il) 

/ = 1 


Let b-j - ^ ^ (1) } {xj^ {Ij xj} 

= second order product moment in the pool of all samples. 

Kendall (1951) showed that r th moment of the distribution of 6 - is 

, -A 

r *■ ' y ' 


1 B ] *' m = 1 ^ ^ ^ 


where [ B 1 = | I = } -2' I I 1 i 

reciprocal to correlation determinant [ Zy ] 

( ?69 :| 


IS 



Kendall showed that each Hj (1) is distributed in Wisharts’ fonu. 
Then the distribution of (1) is given by 


|B| 


H - 1 


in"' („ 


,—p(p- 1) I ,w , . ' ' II 

' I- 4 II '■ { ' l.«/ - «}} ' ' 

m = 1 

whei'e lb" I = 1 b.j (1) I 

Then the characteristic function of the distribution of ^ s' is 
I B I I y, , ... (,) + ; , , . ... 

- ”> ) 


B - i‘^ 


by Siegal’s lemma (AITKEN 1949 ) 
Hence the characteristic function 


a I J> ^ if - 1 

■- 

^PP -it.. 


bon of the distribution of p is 
n - l- 


B 

B it Ip 


ti I B 1 is the same for each of K samples. 
Hence the distribution ofi is given by 


u n - k 

"1 

'RPP - i t p p 


n k 


2 ® y ^ <*t. 


pip - i i —p 


Where ] j | | j 


( I 

M + i k) ■ 

'= i 
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Now _ i> 


'ij = ^ mij 


Where m-- = 2 

i = 1 


"/ Ui W - }{*j (0 - *,• } 


Hence the joint distribution will be given by 


= I B 1 I S I l . -B'-' _il' ,j- 

n *> |~j ^ r { H« - » + I - t;| 

m = 1 i 

Where d'Fj is the distribution of m.. 

Hence r, s j j ^ij ] | ^>- | | == e j | T I T } 

p r p 

= - r~l r { |(n - m ~ A + 1) + r} A' r { I i. | > 

1B|’' m=l r{^(n-m-A+j)} *.o 

for n 
in t^'s 

= I T"^ r { I(n - ffl - ^ + 1 ) + r } 

I B I ^ m = 1 r { i(n - m - ft + 1)} 

r { i (« - to) 4- r 4- 5 } 

r { ^ (n ni) 4- r} 

Statis™p"24f ‘ Mathematical 

Putting s — - r 


We have /* 


6 n I 1 


j ■ ' I 

r { |(W - m) } r { I Cn » CT - ft + 1) + rl 


r { i in— m) + r} 


r { I (n m m m. k + \)} 


The criterion for testing the significance of the set of means is defined by 


I b-~\ 

IJ ' 
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Lemma 2 L ( 5 i' V*) - E ( 5^0 li (V*) 
for every non-negative integer r ox s 
Where X = | b-j | and T =[ 

Now E (X’' Y'j = E { I 1 " ' " 1 1 

^ , ,L T {kin - m) + r} ^ ^L' { j (n - w -f I - k)+s} 

="i Rfr I [ {1 (« - «) + ^ V i’ n (»■*»»+ i “ i)T 

I ^ I m = 1 


=ji^ 1 

IbT I 


r { i jn -m) + r } _P_ (« - ot ) F (n m 1- l-k) + s} 

“r { ’l ’(n - m)} I I’li (n * m) 4 5} I'ji (n - m +I-l:) 

m ^ I 


=E{ I ‘ij (' 

I ' y ’ 


s 

"s 


E{ X^)E(f ) 


Theorem 2. | y | and L = L ^ I, arc mutually indepeadeut, 

! yl 

Proceeding as Theorem I we get Theorem 2* 


Which may be stated as follows ; 

The determinant of n x second order product moment in the pool of all 
samples and the determinant of the ratio of the sum of the second order product 
moment of the sarnples and the second order product moment in the pool of all 
samples are statistically independent or independent in the probability sense* 
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POLAROGRAPHY OF THORIUM. 1 
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ABSTRACT 

Polarography of thorium has been studied using thorium nitrate. Lithium sulphate has been 
used as^ supporting electrolyte in all investigations- A catalytic hydrogen reduction wave is obtained ^ in 
the region of - T5 volts. 1 he limiting current is not very reproducible and the limiting current region 
becomes irregular at concentrations higher than 1 X 10“^ M thorium nitrate. The magnitude of current 
.decreases on increasing the concentration of the supporting electrolyte (lithium sulphate). It has also been 
observed that thorium ions increase hydrogen overvoltage. 

It has been reported that thorium is not determinable polar ographically/ as 
its estimated reduction potential is too negative and the hydiolysis of it's salts too 
great, ^ to permit reduction wave, before the reduction of hydrogen ion.^ However, 
some investigators have reported, that they could get reduction wave of thorium in 
presence of potassium nitrate^ and lithium chloride.^ 

Patterson and Banks® first observed a catalytic wave of thorium in 0*1M 
potassium chloride in presence of excess nitrate. Recently Masek®^'^ has studied 
the depolarizing action of thorium ions in buffered, aqueous and aqueous-alcoholic 
solutions and has indicated that a reduction wave is observed which is not due to 
the reduction of thorium ions but involves the reduction of hydrogen ions from the 
aquo-thorium complex. 

Effect of thorium on the reduction waves of certain organic substances haVe 
also been observed.® 

The authors have studied polarography of thorium ions in presence of lithium 
sulphate as supporting electrolyte. The observations obtained therein have 
indicated that thorium gives a catalytic reduction wave in this medium and that 
this wave is not diffusion controlled. It also does not vary linearly with concen- 
tration. The effect of varying the concentration of supporting electrolyte has also 
been studied. 

MATERIALS 

Thorium nitrate was Shering-Kahlbaum A. G. product. Its stock solution 
was estimated for thorium content by precipitating it as thorium oxalate and then 
weighing it as thoria after igniting the oxalate at 1000*^0.^ 

Lithium sulphate was Sterling Chemical reagent 99% pure. 

Mercury used in the dropping mercury electrode was first purified by chemical 
treatment and then distilled twice. 

EXPERIMENTAL 

A Leeds and Northrop Ghemograph Type-E was used in all the polarographic 
estimations. A manual set up was also used whose circuit was similar to the one 
described by Lingane and Kolthoff®. 
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Gurrent-voitag^ curves have been taken at room temperature, which varied 
from 30-5“Gto 31*5°G. The dropping mercury electrode was used as indicator 
electrode. All potentials were measured against a iliime. and Harris saturated 
calomel electrode^" which was used as reference electrode in all experiments. 

The characteristics of the dropping mercury electrode, used were. 

m= 1*6 mg sec,-‘ ;t = 4-G3 sec. ; mV'i t 1/6 1*761) mg.'43 sec, 1/2 ; A . ifjO cm. 

pH of the solutions was measured with a Leeds and Noithnij) pH meter, using 
general purpose glass electrode. 

RESULTS AND DISCUSSION 

Experiments were carried out in varying concentrations of lithium sulphate 
as supporting electrolyte. During experiments the concentration of thorium ions 
was varied between 5 x 10“® M and 10"* M. A reduction wave, appeared in 
presence of 1 X 10"*M or less concentration of thorium ions. At higher concentrations 
the wave became irregular with ill defined limiting current region. The wave 
appeared in the region of - T5 volts. There was no indication of any other wave 
at more positive potentials. 

The half wave potential (Ej./a) values of reduction waves obtained at different 
concentrations of lithium sulphate and thorium ions arc given in tabic 1. 


TABLE 1 

Half wave potential values of the catalytic wave of thorium. 


Concentration of 

Concentration of lithium 

itT/2 

thorium nitrate (M X 10*)'' 

sulplmte 


0-05 

0*1M 

- 1*62 

0-10 

0-lM 


0-53 

0-lM 

- 1*66, 

T06 

0*1M 

-1-65, 

0-10 

0-05M 

-*1-56, 

The limiting current was tested for diffusion control at concentration 5 X 

The values of limiting current at varying heights of 

mercury column arc given 

below : — 

TABLE 2 


Limiting current of thorium at different heights of mercury column. 

Height of mercury 

Limiting current (ii) at 

iiNh 

iff) in cm. 

- 1*8 volts in P'A 

55 

0-424 

0*057 

50 

0*384 

0*054 

45 

0*381 

0*056 

40 

0-375 

0*059 

35 

0-342 

0*058 

30 

0-324 

0*059 
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k. 


i'he above obs^irvations show ihat the current la not aoiely controllecl by 
diffusion factor. 

The limiting current of the reduction wave was measured in presence of 
differing concentrations of thorium ions. As indicated earlier, the wave became til 
defined at concentrations higher than 1 X 10"^M thorium nitrate. The obscrvaiwni 
are tabulated in table 3. 


TABLE S 


Concentration of 
thorium nitrate 
(MxlO®) 

Concentration 
of lithium 
sulphate 

i| at - 1 85 
volts in Mil 

ijiuxm 

0-05 

O-IM 

0-384 

7-68 

0*1 

0-1 M 

0-873 

8-73 

0-53 

0-lM 

7-39 

13-9 

ro6 

0-lM 

13-135 

12-36 

O'lO 

0-5M 

0-41 

4-1 

OiO 

0-05M 

1-095 

10-95 


On closer examination of the cur rent- voltage curves, it was observed that the 
shape of the curve was not very reproducible. The values of limiting currents were 
not found to be constant at a particular voltage, wlen the experiments were 
repeated. In Table 4, some repeated observations are included to show the limit of 
variation in the limiting current. 


TABLE 4 


Concentration of 
lithium sulphate 

Concentration of 
thorium Mx 10® 

Voltage 

Current in l>-A 

O-IM 

1-06 

- 1-8 V 

11-655 

0-lM 

1-06 

- 1-8 V 

11-535 

0-5M 

0-1 

- 1-85V 

0-41 

0’5M 

0-1 

- 1-85V 

0-53 

0-5M 

0-2 

- 1-85V 

0-653 

0-5M 

0-2 

- 1-85V 

0-93 

0'5M 

0-2 

- 1-85V 

1-095 


It was also seen that thorium ions increased the hydrogen overvoltage specially 
at high concentrations of lithium sulphate. For example, in a solution containing 
0*5M lithium sulphate, current at -2*1 volts vs, S. G, E. was 4 3 l^A (this is the 
region of liberation of hydrogen). On the other hand current, at the same voltage 


[ 275 ] 





EXPERIMENTAL 


A Stock solution of titanic cbloride is obtained by dissolving in cold concen- 
trated hydrochloric acid. The titanium content, in such solution was found to l)c 
11-834 gms/lit. The stock solution was then diluted to the desired conecutratious. 
When employing dilute solutions care was always taken to employ fresh stdutions 
as titanic chloride is greatly susceptible to hydrolysis. 

The methods for the potentiometric and conductometric titrations were the 
same as described in our previous publications (1 - 4), 2-00 mis of M/4’048 titanic 
chloride were titrated against different amounts of M/5 sodium succinate solution. 
The total volume was kept 28’00 mis and the electrometric measurements were 
made at 32° ± O’lOG, Our results with four different concentrations ol the 
interacting solutions arc represented in Figs, (1 to 4). 


DISCUSSION 

The interaction between a solution of titanic chloride and that of S(Klii)m 

succinate may be represented by the simple stoichioxnctric e(|uation : 

TiCl4+ 2NaaG4H,04-^4NaGl + Ti(G4l liOJ® 

With the addition of larger and larger quantities of sodium succinate solution 
to a fixed amount of titanic chloride, the less conducting ions will be progres- 
sively replaced by the more conducting Na+ ions. A gradual increase in the 
electrical conductance is, therefore, likely to be observed, till the above reaction is 
complete, and all the titanic ions are used up, after which the further addition of 
sodium succinate should bring about a steep rise in electrical conductance. An 
inspection of Figs. 1 to 4 shows that initially there is slight increase in electrical 
conductance followed by a drop proceeding up to a minimum after which there is a 
gradual increase. 

The low pH (1*65 - 2*20) of titanic chloride solutions indicate that the solutions 
are fairly acidic due to the presence of free hydrochloric acid and due to the 
hydrolysis of the salt in a manner similar to zirconium and thorium salt solutions 
already investigated i.e, as follows : 

Ti^^- + 4H,0 ^ Ti (0H)4 + 4H+ 

The solutions of sodium succinate being alkaline due to the hydrolysis of the 
salt the slow initial rise in pH is evidently due to the removal of the hydrogen ions 
either (a) by the formation of water or ib) less ionised succinic acid 

+ OH- ^ HaO •** (a) 

H+ +iHC 4 H 40 r HAH4O4 {b) 
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This scheme of interaction suggests a fall in electrical conductance due to the 
removal of highly conducting hydrogen ions. A rise in conductance is, however, 
perceivable in the early stages. This is explained on the basis that along with the 
removal of the hydrogen ions, ions are replaced by the more conducting Na*^ 
ions and consequently the latter effect predominating the former, a rise in 
conductivity is observed instead of a decrease. 

When more of the alkaline succinate is added the decrease in the hydrogen 
ion concentration becomes more rapid and the conductance falls off rapidly, until a 
break in the conductance graph occurs, after which the conductance curve again 
rises, due to the presence of the excess of sodium succinate. An inflexion point in 
the pH curve corresponding to the break in the conductance curve is similarly 
noticed in Figs. 1 to 4. 

It is interesting to note that the break in the conductance graph and the 
inflexion in the pH curve occur when the metal, succinate ration is 1^3, i e, the 
amount of sodium succinate used is much more than what is required in the forma- 
tion of the metal di-succinatc Ti (G 4 H 404 ) 2 * This is highly probable as the metal 
salt solution being fairly acidic, part of the succinate is employed in reacting with 
the free hydrochloric acid and a part in the formation of the disuccinate. In order 
to ascertain how much succinate, out of the total added, was used to form the metal 
succinate, the total titanium and the chloride in the metal chloride solution was 
estimated. The free chloride due to HGl present was then calculated out. From 
this data the amount of sodium succinate used by the free hydrochloric acid was 
known. The rest of the sodium succinate combining with the metal is then known. 
At all the four concentrations of the interacting solutions investigated, it was found 
that the metal succinate (combined) ratio is 1 : 2, suggesting clearly the formation 
of the metal disuccinate i. 1-00 part of sodium succinate is free to >eact with 
hydrochloric acid. A typical set, of estimations and calculations, is presented heret 

{a) Total titanium = 1T834 gms/lit, 

(b) Total chloride = 45‘630 gms/lit. 

(c) Chloride combined with titanium = 35*030 gms/lit. 

(d) Chloride free = 10*600 gms/lit. 

(e) Amount of sodium succinate used in reacting with free chloride (200 mis 

of TiCl^ solution containing 11*834 gms of Ti/lit. with M/5 sodium 
succinate). s= T494 mis. 

(/) Total sodium succinate (for 2*00 mis. of same TiGl^ solutions). 

= 7'00 mis. 

(g) Amount of sodium succinate combined with the metal on the basis of 

^ the above = 5*50 mis. 

(A) Ratio of Ti t succinate (combined) I ; 2 
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It is evident that the interaction between sodium succinate and the metal 
chloride solution follows stoichiometric relation and the precipitate obtained as a 

cli-sucdnatt 
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CHEMICAL EXAMINATION OF ANGELICA GLAUCA FRUIT 


By 

S, S. GHAUDHARY, YOGINDER NATH and K. L. HANDA 
Regional Research Laboratory, Jammu 
[Received on 9 th November, 1960] 

Angelica glauca Edgq. (Fam. Umbelleferae) is known as Chora locally. It is a 
glabrous herb and is distributed through out the Western Himalayas at 8000-10,000 
t. Medicinally it is used in the obstinate constipation, bilious complaints, and 
considered to be cordio active and ^ stimulant. It is also used in flatulence and 
dyspepsia. No chemical investigation of the fruit of the plant appears to have been 
d^e. A lactonm constituent (m. p. 101-102^0; has been isolated from the petroleum 
ether extract of the fruit. 

The fruits were powdered and extracted with petroleum ether ( 40 - 60 ) in 
soxhlet for 72 hours. On standing a crystalline substance separated out. The 
solvent was decanted off and concentrated when more of the same compound was 
obtained, the yield was nearly 0’6 per cent. The above exhausted drug was further 
extracted with ether, chloroform, methanol and ethanol. After partial removal of 
the solvents only viscous liquids were obtained which did not yield any crystalline 
substance. These were also chromotographed over a column of alumina using 
various solvents for elution but nothing crystalline could be obtained. 

The solid obtained was crystallised number of times from methanol when it 
came down as flakes m. p. 101-102^0. It was slightly yellow in colour and was 
fairly soluble in organic solvents. It was optically inactive, neutral to litmus and 
did not give carbon dioxide with sodium bicarbonate or carbonate solutions. It 
decolourised acid potasium permangenate solution and its solution in carbon 
tetrachloride absorbed bromine but the bromo derivative could not be crystallised. 
The substance disol ved in alcoholic potash and on acidification was regenrated thus 
showing presence of lactonic system in the compound. It did not give a semi- 
carbazone or 2:4 dinitrophenyi hydrozone. It gave acetate (needles m. p. 153-55^G) 
and benzoate m. p. 199-120^0. 


Found C, 66-24; H, 14-16; 
H, 14-2. 


Mol. Wt. 246 (Rast); G 14 H 33 O 8 requires G, 66 ’ 6 ; 


L R. spectrum in Nujol has shown the absorption peaks at 1724 cm'“^ (S) for 
Rcoo-; 1581cm“’^ (S) for conjugated with aromatic ring; 1346 cm”^; 1155 cm‘~^ (S) for 
-G-OH; 1289 cm-^ for-GO-O; - 

U, V. absorption in alcoholic solution has shown the maxima at 306 and 
250 m/^. 


Further work on the compound and other extracts is in progress. 
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THE ROTATORY POWER OF STRYGHN'INl^/^^NITRO BENZOATE 

IN CHLOROFORM 


By 

O. N. PERTI and B. G. PANT 

Department of Chemistry, Th, D. S. B, Government College ^ Naini Tal 

[Received on 26th October, 1960] 

ABSTRACT 

Strychnine-j&-nitro benzoate is soluble in benzene and pyridine but whereas in pytichne it shows 
optical rotation 5 in chloroform it shows no rotation, A study of the optical rotation of this (;oin|x)arHl in 
a mixture of pyridine and chloroform reveals that its zero rotation in chloroform b tua due to racemiza* 
tion but is a purely solvent effect. 

INTRODUCTION 

In an earlier communication^ it was pointed out that strychninC'/Maitro- 
benzoate though soluble in chloroform like strychninc-o-nitro-benzoate and 
strychnu c-ffl-nitrobenzoate shows zero rotation in this solvent. In the present 
investigation a determination of rotatory power in a mixture of pyridine and 
chloroform has been carried out with a view to throw light on the anomalous 
behaviour of strychnine-jS-nitro-benzoatc in chloroform. 


experimental 

Strychnine-/>-nitro-benzoate was prepared according to the method described 
earlier^. In Table 1 are given the values of specific rotation for Hg 5461 in a 
pyridine and chloroform in different proportions. The concentrations 

determination were approximately the same and rotatory power 

»« ■" “ 2 a narrow range of 

temperature. ^ 
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TABLE 1 


Comparison of rotatory power of strychnme-/>-nitro-benzoate in mixtures of 

chloroform and pyridine 


S. N. 

Gone, in 
g./lOO ml 

Temp. 

°G 

Solvent 

% Pyridine % Chloroform 

- Sp. rotation 
for Hg 5461 

1. 

1-0000 

15-5 

100 

0 

-97-00° 

2 . 

1-0024 

1T5 

90 

10 

94-27 

3. 

1-0044 

12-0 

80 

20 

85-62 

4. 

1-0016 

12-5 

j 

70 

30 

79-87 

5. 

1-0008 

12-5 

60 

40 

78-93 

6. 

1-0020 

13-0 

50 

50 

72-85 

7. 

1-0044 

13-0 

40 

60 

69-19 

8. 

r0oi2 

13-0 

30 

70 

66-41 

9. 

0-9972 

12-5 

20 

80 

58-66 

10. 

1-0032 

12-5 

10 

90 

46-35 

11. 

1-0012 

19-5 

5 

95 

38-95 

12. 

1-0008 

20-0 

1 

99 

30-47 

13. 

1-0016 

19-5 

0-4 

99-6 

23-96 

14. 

1-0000 

19-5 

0 

100 

0*00 


When strychninc-j&-nitro-benzoate was dissolved in chloroform, it showed zero 
rotation. Chloroform was removed and the solute recovered. This was dissolved 
in pyridine and was found to show a sp. rotation for Hg 5461 equal to -97 00®* 


DISCUSSION 

The zero rotation of strychnie-jJ^-nitro-bcnzoate in chloroform is not due to 
racemization as when the solvent chloroform is removed and the recovered solute 
dissolved in pyridne, it gives the same rotation as that obtained in the solution of 
strychnine-/>-nitro-benzoate in pyridine. It has also been noticed earlier^ that in 
the case of strychnine-o-nitro-benzoate the magnitude of specific rotation for Hg 5461 
in pyridine is 85-00® and in chloroform it is only 26*50®. Likewise, in the case of 
strychnine-wz-nitro-benzoate the corresponding values are 94*04® and 5'51®. It is, 
however, only in the case of strychnine-j^^-nitro-benzoate that the rotation in 
chloroform falls to a zero value. 

From Table 1 it is seen that the magnitude of rotation of strychnine-dmitro- 
benzoate in pyridine falls off as chloroform is added to it. This indicates that the 
solvent chloroform and pyridine are acting independently of each other in a mixture 
of the two. The anomalous behaviour of strychnine-p-nitro-benzoate in chloroform 
IS probably purely due to solvent. 
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It is worth pointing out here that in a consideration of the influence of the 
solvent on rotatory power two types of cases may arise giving anamalous behaviour. 
Firstly, the solvent may form a chemical compound witli the active solute'" as in the 
case of octyl iodoacetate dissolved in pyridine* or L-menthyl hydrogen naphthalatc 
dissolved in basic solvents*. Secondly, when the solvent does not enter into chemical 
combination with the solute. A case of this type was observed by Pribram® in 5% 
solution of tore tartaric acid in different solvents, lie observed that whereas 
tartaric acid gives a positive value of [aja 20" in water (+ I'P'K)") and ethanol 
(+379°), in a mixture of ethanol and benzene (I ; 1) it gives a value of — 4‘11'’ , in 
ethanol and toluene (1 : 1) —6*19° and in ethanol and chlorobenzene (1 : 1) -8’09”. 
From this study it is obvious that solvent can not only influence the magnitude of 
rotation but it can also effect the direction of rotation. Even in the example studied 
by Pribram it is obviously possible to obtain zero rotation in a suitable mixture of 
solvents. In the case studied by us it is clear that the effect of chloroform is not 
due to chemical combination with the optically active solute . This case is in some 
ways similar to that studied by Pribram. 

Further investigation of this interesting case is being carried out. 
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SYNTHESIS AND REACTIONS OF a-sROXlO a wo-Nlf R6SO-;>-MRTriYL 
ACETOPHENONE, a-BROMO-a wo-NIPROSO METHYL- /3'NAPHTHYL 
KETONE AND a-BROMO-a-NITROSO METHYL ETHYL KETONE 

By 

O. N. PERTI andG. C. SINGHAL 

Department of Chemistry^ Th, 5, 5. Govt. College^ Naini Tal 
[Received on 26th October, 1960] 

ABSTRACT 

Synthesis, characterisation and reactions of iz-bromo"fl-i^<?“nitroso-/>*m ethyl acetophenone, ^fl-bromo-fl-iVi?“ 
nitroso-methyl-j8 -naphthyl ketone and a-bromo-a-nitroso methyl ethyl ketone have been described. 

INTRODUCTION 

In earlier communications^ one us has described the preparation and pro- 
perties of some a-bromo-cK-uo-nitroso ketones. The present work is an extension of 
the earlier work. In this paper is described the synthesis and reactions of a-bromo- 
a-iso-nitroso-p-methyl acetophenone, oi-bromo-a-wo-nitroso-methyl- /5-naphthyl ketone 
and a-bromo-a-nitroso methyl ethyl ketone. 

EXPERIMENTAL 

Synthesis of a-bromo^a-iso-nitfoso-p-methyl acetophenone : 

Method I : The sodium salt of i50-nitroso-j!>' methyl ketone was prepared and 
its direct bromination tried as in the case of acetophenone described earlier.^ The 
solid product obtained was crystallised from benzene. Its m. p. was 178° and was 
found to be solely jf^-methyl benzoic acid. 

Method II : In this method the bromination of copper complex was tried. 
Its copper complex was obtained in a manner similar to those described earlier.^ 
The copper complex had ra. p. I30°d. (Found: Cu 16*9 % ; Gi 8 Hifl 04 N 2 Gu requires 
Cu = 16*3 % ) The copper complex (20g) was suspended in dry ether (50ml) and 
benzene (10ml), the solution was well cooled and bromine (16*6g) was added to it. 
The whole was kept over night, washed twice with water and dried over anhydrous 
magnesium sulphate. On evaporation it gave a solid mass which was crystallised 
from carbon tetrachloride Yield 4‘2 g : m. p. 132°; Found N = 6*03 % , Br = 
33*23 % 5 G9H802NBr requires N = 5*78 % ,Br = 33*06%. 

Method III : In this method direct nitrosatlon of j&-methyl phenacyl bromide 
was tried in a manner similar to that described for «-bromo-a-zVo-nitroso acetophenone 
described earlier.^ ^-Starting from 6*4 g /)-methyl phenacyl bromide, 50 ml ether 
and 2*7 g isopropyl nitrite a product with m. p. 130^ was obtained in 3*86 g yield. 
It was found to contain chlorine and analysis showed it to be a-chloro-< 2 -tVo-nitroso- 
^-methyl acetophenone. (Found : G = 53*9 %, H = 4*05 N ~ 6*86 %, G1 = 
17*1% ; GsHgOaNGl requires G = 54*6 %, H = 4*05 %, N = 6*5 %, G1 = 17*9 %). 

The attempt for direct nitrosation was repeated by modifying the method. 
^-Methyl phenacyl bromide (3*2 g) and ether (50 ml) saturated with hydrogen 
chloride gas were taken and isopropyl nitrite (1*4 g) was added drop by drop with 
constant stirring. The reaction time was limited to two and a half hours. The 
organic layer was then separated, washed twice with water, dried over anhydrous 
sodium sulphate and ether removed. The solid obtained was dried in vacuum and 
recrystallised from carbon tetrachloride. Yield 2*0 1 g, m. p* 132°. Found : Br 
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= M*89 %, CjjHgOaNBr requires Br = 33’OG %* It was found to be the desired 
bromo compound. 

a-bromo-a-wO"nitroso-/>mcthyl acetophenone is a colourl<''ss crystalline solicb It 
is soluble in benzene, ether, alcohol, chloroform and ac<!tonr. It is in8olul)le in 
water. 

It does not give any colour with alcoliolic ferric chlorides S()lntion^ irnmecliatcly 
but on standing develops a violet colour. It does not liberate iodine on being 
warmed with acidified potassium iodide solution. It reduces Felding solution and 
gives a wine red colour with pyridine. It is a lachrymator in solution. 


Synthesis of a-bromo-a-iso^nitroso methyl- ^“naphthyl ketone : 

Method I : Bromination of copper complex was tried in a inanncr similar to 
that described in Method II for the preparation of 

acetophenone. The amounts used were copper chelate of isonitroso methyl- jS- 
naphthyl ketone (4*6 g), ether (30 ml), benzene (15 ml) and bromine (3‘’22 g)* The 
product was crystallised from a mixture of carbon tetrachloride (Ipart) and benzene 
(2parts). Yield 1*3 g, m. p. 152® ; Found : Bt 21)‘1%, requires Br 

= 28*77 %. 


Method U : In this method the nitrosation of bromo mcthyl-^-naphthyl 
ketone in presence of hydrogen chloride was tried, 

Bromomethyl-^-naphthyl ketone was obtained by direct bromination of 
methyh^-naphthyl ketone in acetic acid medium. The product obtained had m, p. 
82®. Found : Br = 32*3%, GjaHoOBr requires Br 32*1%, 


The nitrosation of bromo rnethyl -p-naphthyl ketone was carried out according 
to the modificadon described in Method III for ad^roino-^^ w-nitro80-/^Incthyl 


luuu lu memou iii lor a-Droino**^^ w'a-nuro 80 -/MnctnyA 

The quantities used were bromo methyb/J-naphthyl ketone 2*5 g, 
with hydrogen chloride i 2 ta 8 30 ml and isopropyl nitrite 1 g* The 


acetophenone, -m-av. vj|^.AMAAVAi,Av.ia wav;u uj,uiuu meiu) 

ether saturated with hydrogen chloride gas 30 ml and isopropyl nitrite 1 g. The 
crude product obtained was crystallised from a mixture of carlam tetrachloride and 
benzene (1 : 3). Yield 2*8 g, m. p. 152®. Found: 4*70 %, Br 29’00 % : 
C.aHgOaNBr requires N = 5*03 %, Br « 28*77 % 


It is a yellowish white crystalline solid. It is soluble in alcohol, benzene and 
ether, sparingly so m petroleum ether and carbon tetrachloride, and insoluble in 
water. 


It does not give any immediate colour with alcoholic ferric chloride solution 
but develops a violet colour on long standing. Like «-bromo-a-uo-nitroso*i»-mcthyl 
acetophenone It reduces I ehling’s solution, does not liberate iodine from acidified 
potassium iodide solution, and gives a wine red colour with pyridine, 


Synthesis of a4romo a-nitroso methyl ethyl ketone : 

Direct bromination of the sodium salt of iVo-nitroso methyl ethyl ketone gave 
a thick syrupy liquid which was highly lachrymatory but which shovved the 
presence of both nitrogen and bromine (cf. Method I in the case of synthesis of 
n-bromo-a-no-nitroso^-methyl acetophenone). Bromination in pyridine yielded 
n u-bromo-a-iwnitroso acetophenone described 

maimer described in Method 11 
u-bromo-a-i«‘mtro3o-/i-methyl acetophenone yielded a gummy 
product which was highly lachrymatory. From this a small amount of crystalline 

[ 288 ] 



product was extracted with petroleum ether which showed a m. p* of approximately 
81°. Bromination in ether in presence of marble was then tried. 

Isonitroso methyl ethyl ketone (5 g) and dried ether (25 ml) were taken in a 
reaction flask along with a piece of marble. The mixture was cooled in ice and 
bromine ( 1*3 ml) was added drop by drop witb constant stirring for two and a half 
hours. It was allowed to stand in the referigerator for 36 hours to complete the 
reaction. The ether was removed and the residue crystallised from carbon 
tetrachloride. Yield 4*8 g, m. p. 83 - 84 ®. Foiind: G = 27*75 %, H = 3’51 %, 
N = 7*7 %, Br = 44*98 % ; C^HeOgNBr requires G = 26*6 %, H = 3*3 %, N = 
7-7 %, Br = 44*4 %. 

It is a colourless crystalline solid. It is soluble in benzene, ether, alcohol and 
acetone, and sparingly soluble in water and carbon tetrachloride. It reduces 
Fehling’s solution and gives a yellow colour with pyridine. It liberates iodine when 
warmed with acidified potassium iodide solution. It does not immediately give any 
colour with alcoholic ferric chloride solution but on standing develops a yellow 
colour. 

DISCUSSION 

Bromination of sodium salt of wo-nitroso ketones should normally proceed in 
the following manner — 

H 

Bro 1 

R-GO-GH 3 R-GO-GH = NO.Na > R-GO-G-NO ^ 

-NaBr | 

Br 

r^GO-G=:NOH 

I 

Br 


Here it is found that in the case of sodium salt of iiO-nitroso-^-methyl ketone only 
p-m ethyl benzoic acid was obtained and in the case of i^o-nitroso methyl ethyl ketone 
a syrupy product was obtained which, however, was found to show the presence of 
both nitrogen and bromine in it. In the cases studied earlier, namely, the sodium 
salts of wo-nitroso acetophenone, isonitroso (j{>-methyl, ^^-methoxy, /^-chloro and 
^-bromo) acetophenones it was found that direct bromination yielded only the 
corresponding acids.* In all probability the normal course of the reaction is 
changed because of the presence of alkali, NaOBr and bromine which may oxidise 
the bromo compound to the corresponding acid. Where only the corresponding 
acid is obtained this oxidation reaction goes to completion but where a syrupy 
product is obtained indicating formation of mixtures, the oxidation evidently is not 
complete. This explanation is supported by the fact that oxidative fission of some 
bromo-w<?-nitroso ketones yields corresponding acids^’*. This clearly indicates that 
bromination of sodium salt of isonitroso ketones is not a suitable method for 
preparing bromo-i5(?-nitroso ketones. 

Direct bromination of free i^o-nitroso ketones in pyridine can be expected to 
proceed in the manner indicated below — 


R-CO-CH^NOH + Bra+CsHgN + HjO R-^GO-G-NOH + GgHsN.HBr 


Br 


In the case of i^o-nitroso methyl ethyl ketone the reaction, however, yielded only 
acetic acid. This was perhaps due to the oxidation of free tVo-nitroso ketone by 
bromine. Similar unsatisfactory results were obtained, when the medium used was 
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ether when th^ reaction was very slow. However, when bromination in etiier 
medium in presence of marble was tried in the case of ivo-nitroso methyl ethyl 
ketone the bromination was found to proceed smoothly. The role of ether and 
marble is not clear but there is little doubt that they prevent the oxidation of free 
iVnitroso ketones by bromine. 

Bromination of copper complex of wo-uitroso ketones generally proceeds 
smoothly in the following manner — 

R-G==iO\ yO-N=«G-H 

1 \u^ I f Brj— >2R-CO-G « NOH + CuBr, 

H-C!=N-0/ b == G-R Br 


where R is H, GHj - , CjHj - , CgH,, GH* - GcH, - , GH3O - G^H, - , G1 - - , 

CioH7-(5^g ref. 1, 2 and this paper). This bromination is known to be slow in 
the case of f^o-nitroso ketones and hence in some cases such as in the case of copper 
complex of mmitroso methyl ethyl ketones described in this paper the product is a 
gummy mass indicating the presence of more than one substance presumably due to 
the oxidising action of bromine. 

The other method for obtaining ^-bromo-a-isonitroso ketones is to carry out 
nitrosation of <«-bromo ketones. This is done by the help of alkyl nitrite in ether 
in presence of hydrogen chloride gas when the reaction normally proceeds in the 

following manner— 


R-GO-GHaBr + R'ONO + HCl (gas) r> R^CO-C«=NOE + R^OH 

I 

Br 

It was noticed by the authors that if the time of reaction is prolonged as in the 
case of nitrosation of j&-mcthyl phenacyl bromide, e«-chlort)-a u*c?-nitros()»^*methyl 
acetophenone is obtained instead of «-bromo^a-nomitr()So-/)mK:thyl acetophenone 
(see also ref. 2). As explained earlier in the case of phenacyl bromides the 
replacement of bromine by chlorine in this case may be caused by the presence of 
excess of hydrogen chloride or prolonged contact with it or heating done to remove 
solvent at a later stage. To obviate this undesirable course of action it is best to 
reduce the time of reaction when only the a-bvQtm-<x4so>^nitnm ketone would be 
produced. 


When we compare the properties of the aAmnm-><x4so<-txktom ketones described 
in this paper we notice that whereas o;“bromo-a-wa-nitioso*j&oncthyi acetophenone 
and «*bromO'a-i^o-nitroso-methy 1-/3 -naphthyl ketone do not liberate iodine from 
acidified potassium iodide solution, the a bromo-otmitroso methyl ethyl ketone does 
so. An explanation of this difference in behaviour of the bromine atom is to be 
found by considering its nature in these two types of compounds. Where the iodine 
IS not liberated the compound is capable of bemg considered as an acicT halide of 
hydroxamic acid of the type R- CO - CX=NOH whereas in the case when iodine 
^ the compound is incapable of being considered as an acid halide of 

hydroxamic acid and remains a true a-bromo ketone. Ihc acid halides can not be 
expected to liberate iodine from acidified potassium iodide whereas the true a-bromo 
ketones can do so easily. 
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AN EXACT SOLUTION IN FINITE STRAIN 
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1. INTRODUCTION 

The problem of an incompressible spherical shell under radial body force 
with special reference to a selt^gravitating shell has been solved by B. R. Seth (1) 
on the basis of linear stress-strain relations. It is proposed to generalise Seth’s 
result and obtain an exact solution for this problem in terms of the strain energy 
function W. Some numerical values have been obtained for a neo-hookean solid 
and compared with those obtained in (1). 

Notation and Formulae 

Following the notation of Green and Zerna (2), the summary of the formulae 
required are given below. 

Let be the initial, the final and the curvilinear coordinates of the 
strained body. 

The covariant and contravariant base vectors gi and of the curvilinear 
system 6^ at a point of an unstrained body are given by 

&i = r,iig = ij ij. g = \gij 1 

iij = Si . gj ; g^- = 5* . gj vij- gjk = 8^ (i.l) 

where r {dx is the position vector of Pg and a comma denotes partial 

diflferentiation. 

In the strained state let the point Pg move to the point P at time L If 
the displacement vector P is 02 coyarient and contravariant 

base vectors at P of the curvilinear system Oi are given by 

Gi = r,i 4- d,i ; & = Cy Gj ; G = 1 G,j | 

Gij = Gj . Gj ; Gy= G* . GJ ; Gl/ Gj,^ = s’ 

When the unstrained body is homogenous and ■ isotropic, the strain-energy 
function IT, measured for unit volume of the unstrained body, is a function of the 
strain invarients, so that 

W=W {1,11,111) 
where 1 = ^JGj ; 11 - g^G^ ; 111 = Gjg. 


(1.3) 



The contravariant stress-tensor measured per unit area of the strained body 
refered to coordinates is expressed in the form 

TV « gy ^ -f BV f + GV p 
where <p = 2 ^ =2 ^^////‘/* ; />*2 ///>/* 

By = ih - fgj^ Gn - 

and, as usual « is •+• I or - 1 according as r, s, t is- an even or odd permutation of 
1,2, 3 and equal to zero otherwise. The physical components of stress (r^j are 

given by 

= /G^^ TV (1.6) 

When the material is incompressible, the equation III 1 holds at all 
points of the body, and the strain-energy function W is a_ function of I and II only.^ 
In this case is a scalar invarient function of the coordinates for each value of 
the time t. 

The equation of equilibrium can be expressed in the form 

ry + pfj =0 (1.7) 

where the comma denotes covarient diirercntiation with respect to the strained 
body and FJ are the contravariant components of the l>ody force vector referred 
to the covariant base vectors Gi . 


2. SPHERICAL SHELL UNDER RADIAL BODY EORCE WITH SPECIAL REt'ERENGE 
TO A SELF-GRAVITATING SHELL 


Specification of curvilinear system of coordinates 

Let the curvilinear system of coordinates in the strained body be identified 
■with a system of spherical polar coordinates (R, 0, </>) with origin at the centre of 
the shell, so that 

• = = d, dj = (2.1) 

yi = R sind cos^,yj = R sind 3in<J!>, jrj=/J cosd (2.2) 


Deformation of the spherical shell and metric tensors 

Let the inner and outer radii of the shell in the deformed state be Ri and Rf 
rcspccti^ly, bmee the shell is under radial body force, it is strained symmetri- 
caiiy. iheretorc, we can assume that the point (R, d, in the strained state was 
originally at the point (r, 6. <l>) in the unstrained state so that 


-UR) 

If xi - axes coincide with yi - axes, we have 

xi=f sind cosi, Xi^f sind sin<^, Xj = / cosd 
where/ = /(R). 


(2.3) 


(2.4) 
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The metric tensors for the strained and unstrained bodies arc 


cy 




r 1 0 0 


r 1 0 

0 --v 

O 

o 

* Gy = 

0 R^ . 

0 

0 0 1 /R^ sin®^ ^ 


Loo sin*^ J 

1//I 0 0 1 

’ %■ “ 

' y|o o'] 

0 o 

»n— * 

OS 

5‘ 

1 

0 /» 0 

0 0/2 ^ 


,G=i2»sin*^ (2.5) 


.g=/*/|sin*d(2.6) 


(2.7) 


where 

Condition of incompressibility and evaluation of constants. 

The condition of incompressibility IIIs»l gives 

/Vr=«^ 

so that =s ^ 

where is a constant to be determined. 

If the inner and outer radii of the shell in the unstrained state are denoted 
by fj, respectively, the equation 2*8 gives 




n3 3 d3 3 
R^-r^=R -r 


f 


R^ + fj 


From the equations ( 2.6) and (2.7) we obtain 


nV 


- 

o. 

0 " 


r 

0 

r 

o 

0 

J//* 

0 

. iij - 

0 

P 


.0 

. 0 

1//* sm*0 ^ 


0 

0 

/* iin®5 J 


(2.9) 

( 2 . 10 ) 

,g=R* sivi*0 (2.11) 


( 2 . 12 ) 


Subtituting (2.5) and (2.11) in (1.4) and (1.5) we get 
r 2f*IR* 0 0 

0 fw + R'If* ® 

0 0 (/* + /i*)//* R*^ sm*6 

+ 2/* ^/ii» + P 

7-1* = 7-»8 sin*^ = + «*//*) ifr + ^/ii» 

7"M — T"*! = 0. (2*13) 

Equations of equilibrium 

The three equations of equilibrium (1.7) which must be satisfied, reduce with 
the help of (2.5) and (2.13) to 

rflii , - (R^ T^* + R^ + p /n *=0 


dR 

R 


+ “ ^ 

pp*0; Riinff + 
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(2.14) 

(2.15) 



To be able to proceed further, we should know i’*'. If we take the case of a 


self-grayitating shell, we have 

c « 0 *ind ■■ 0 (1*16) 

Substituting (2.13) and (2.16) in (2.14) an l (2.15) wc get (2.15) 

+<I>IR^) + 4 or/>(/r* 

dR XX Constant (2.17) 

^ = 0 and |?-=0 ( 2 - 18 ) 

do d4‘ 

The equations (2.18) show that p is a function of R only. 

From (1,3), (2.5) and (2.11), wc get 

lLf^jR^ + 2R»IP (2.19) 

II = 2riR^ + R^lp ^ ^2 20) 

■S= - 4 ( iiS ~ /» )’ (7i‘ + /3)//ev‘ '> 

- 4 (/?» - />)•■“ {R^ + J’>)lli» j'> (2.22) 

Therefore 


iiT ^ 0 dll 

dR 0/ 0/f a/2 7/e 

substituting (2.23) in (2.17), we get 



/*) WJ* + ^/ie*)//e» /“ j 
(/’ “ ■I'!*)//* (2.23) 


.11 ^ ,R , /» 


tfii »=» Constant (2.24) 

Boundary conditions and tho physical components of stress 


The boundary conditions require that 
(») T“ = 0 on /? = /?j 

This is satisfied if 


(2.25) 


-J UW /» . Bs + 4ir p (/i8 , /?3 J (2.26) 

substituting T» from (2-13) in this equation, wc get the value of as 

% />.— - /4 HR* - 2/?i//i» + ^/ [ ^ 7» - -f 4 TT p (/?« - /ij )/3j?8 ] rf)s; 
=*'(«VTtx = o on /? = /?/ ' . . (2.27) 
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This is satisfied if 

■ r M 

: ' ( I 

' iri 


/ [ '§ +4, f p’ - si )/SS'] iS = 0; •■■ (4.29) 


The equation (2.9) and (2.29) determine the values of if -Rj, and the 
form of the strain-energy function W are known and enables us to calculate the 
change in the thickness of the self-gravitating shell. 

The non-vanishing physical components of stress are given by (1.6), (2.13) and 


/ 1 

R, ^ 


dW 

dR p 


+iTr P{R?- rI )/3iJ* j dR 


<r,, = = au + <!> (.RW - ^ w - 'm 

For a neo-Hookean solid, the strain-energy function W is given by 
H/ = (/ - 3) 

By substituting this value of W in (2.29), (2.30) and (2.31) and integrat- 
ing, we get 

[ (rJR,y + 4 (rJRJ - (rJR,)* - 4 (rJR,) ] 

+ 2^^ [ie2 _ ^ 2R^^(I/R^ - 1/i?,)] =0 

''It = «1 [ (’’IR)* + 4(r/ie) - (rj^Ri)* - 4 (rJRi) ] 


(2.30) 

(2.31) 

(2.32) 


[iJ=> - R^^ + 2 Rf (]IR - l/i?i)] 


"sa = "as = "ii + 2ci [ (R/r)^ - (rJR)* 


(2.34) 

(2.35) 


Taking i?i/v''(«i/p) = 0-6 and iJa/ V(cj/P « 0.9 we get from (2.9) and 
(2-33)ri/V(eJp)~= 0-65 and rtl^JTJpj = 0-92, giving the change in the thickness of 
the shell as 0'03\/(^fpj~ Th'S radial displacement = (r-R) and the distribution 

of stresses have been Calculated and are given in the table below. 


TABLE 


Rivpi p) 

0-60 

0*65 

0-70 

0-75 

0-80 

0-85 

0-90 

V^i/p) ■ 

0-045 

0-039 

0-034 

0-030 

0*026 

0-023 

0-021 


0-000 

0-118 

0-181 

0-187 

0-157 

0-095 

0-000 


0-937 

0-862 

0-772 

0*672 

0-558 

0-430 

0-288 



The tabic shows that and arc maximum at the inner surface of the 

shell as in the previous result (1). The radial stress cth increases froin zero at the 
inner surface of the shell and attains the maximum value at half«way ' through the 
meterial and gradually decreases to zero at the outer surface, whereas in Seth’s 
result (I), it increases monotonically from zero at the inner surface of the shell 
and jumps suddenly to zero showing a discontinuity at the outer surface. 
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1. INTRODUCTION 

The theory of finite strain has been developed on the hypothesis that thft 
second order terms in the components of strain may not be neglected (1, 2, 3), In 
the case of incompressible and isotropic materials number of problems have been 
solved completely (4, 5) without any restriction on the magnitude of the deformation 
or on the form of the strain energy function. However, in the case of compressible 
materials the solutions of the general equations in terms of the strain energy 
function are not always possible. In solving such problems number of writers 
suggested special assumptions regarding the strain energy function. These arc 
generally based on appearent simplicity in some Mathematical frame work. 
B. R. Seth (1) adopted a linear stress-strain relation 

(U) 

in solving a variety of problems in finite strain. In two recent papers (6, 7) he 
considered approximate solutions which may be used to discuss the finite bending of 
circular plates into spherical shells. In this paper we obtain an exact solution for 
the above problem. It is shown that an exact solution can be obtained only when 
the ratio (the radius of the circular plate a/the radius of the spherical shall r) is so 
small that sin (a/r) can be replaced by (a/r). The problem has been fdfmulated by 
establishing one to one correspondance between the elements of thc^ undeformed 
and deformed bodieSi which gives an elegant and simple result directly. The 
results have been compared with those obtained by Seth (6, 7). Thc^ case of an 
incompressible plate, physically impossible in (6), has been discussed in detail in 
section 4. 

It is proposed to extend the results to the cases of initially curved and 
aclotropic plates. 


2. COMPONENTS OF STRAIN 


Following the notation of Green and Zerna (5), let be the initial and the 

final and the curvilinear coordinates of the slarined body, with g-. and G*. as 
^ J ^ J 

metric tensors for the coordinate system in the unstrained and strained states 

of the body respectively. Then the state of strain is measured by the symmetric 
co-varient strain tensor £ - given by 
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Introducing the displacement veCtot 


F»F. G* 


r G. 

t 


where G* and G. are contravarient and covariant base vectors of the strained 
body, (2.1) reduces to 




F. . + F. . 


V^. F 


( 2 . 2 ) 


where comma denotes convariant differentiation with respect to the strained body. 

The tensor components of strain can be replaced by phy.sical components (8) 
if the former are orthognal. The physical components denoted by arc given by 

y 


(G» 


(2.3) 


y ' ^ -tj 

Introducing the physical components of dsiplacement «. along coordinate 
curves in the strained body given by 


u. 

t 


^ r ( G .. ) 


1/2 


t2'4) 


we can calculate the strain Components for any convenient set of coordinates in the 
starined body. 

If = r, ^2 = 0 and ^3 and sa and % wc get the 

strain components in polar coordinates as 

2err = 2 («r )r - {(Ur)^ + + («^ ) ^ ] 

^‘ee = ]" 7 [ + («4,)^] 

+ ug cotd + /,in S] [C® I- + £»] 

=i[r(«^)^ - + (ur)g]- l[A(ur)r + B (u^)^ + iu^)^ (u^)^] 

=\[(u^)0 -u^cote + {uQ)^lsine]^^g] [a®+ BD + E(u^)^] 

+ (ur)^ls\n0], (u^)^ + D (a)^r + E(«^)r] 

(2.5) 

where A = (u,.)^ - . B = (u^)^ + 

G == («,)4> - sin d ; D = coi 0 

E = ( a ^).|, + Ur sin 0 + uq cos 0 

where («, )r = ^ («^^ ; («r)0 = (a^) ; M ^ (ar) etc. 
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If we neglect the squares and products of the displacemei^ts and their deriva-^ 
tives in 2*5), we get the inifinitcsimal components of strain. 

3. BENDING OF A CIRCULAR PLATE INTO A SPHERICAL SHELL 

Suppose that in the undeformed state of the body, it is a circular plate bound- 
ed by the planes Xq :== a^, == fli, and the cylinder x^ + V =^ 2 . The plate 

is then bent into a part of a spherical shell of outer radius and inner radius fj^ and 
the edge ^ = a, by applying a couple to the edge only. Let^^* axes coincide with xi 

axes and the curvilinear coordinates tbe deformed state be a system of polar 

coordinate (r, 0 ^ so that = r sin ^ cos ^ sin 0 sin = r cos 0 ( 3 . 1 ) 

Since the deformation is symmetrical about the x^ — axis we see that 

(i) the planes Xq = constant, in the undeformed state, become the spherical 
surfaces r = constant in the deformed state. 

(m) the curves x^^ + x^ = constant, in the undeformed state^ become the small 
circles 0 = constant in the deformed state. 

[iii) tan“i {x^jx^ == ^ (3^2) 

These imply that x^ =/ (r), + x^^) = F{0) ( 3 , 3 ) 


Components of strain and stress-strain relations 

From (3.2) we get 

Xi =r F{0) cos ^,X 2 F (0) sin and ^3 = / (r) 

Then the finite displacements in cartesian coordinates are given by 

=yi - F (0) cos <t> 


% — J^2 “ ^2 ^ ^2 "" I*' (^) sin <j> 


=J 3 - ^3 = J's - f{r) 

In polar coordinates these transform into 

- r -- f cos 0 - F sin 0 
U 0 = f sin 0 F cos 0 

(3.5) 

Substituting ( 3 * 5 ) in (2*5), we get the strain eomponents in polar coordinates as 

2 ^ = ( 1 *^ - f^) 

2e00 = (I ^ F^^lf^) 

== (1 - F^lr^ sin^ 0) 


e 


70 



and F' 
dr 


(i]F 

dd‘ 
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(3.6) 


^vhere /' 



Substituting (3*6) in (1*1), the stress-strain relations are given by 
= X I + /‘ (1 - J'^) 

X I + /‘ (1 - !'■'“/ 

X i + M (1 - F^/r' sill- 0) 

‘o<l> “ V ^yi) 

vvlure 2 1 = 3 — J'^ — (h'^ + 1" / sui’’* ()j 


£quatio0s of equiUbrAiifu 

The first and second equations of equlibtium give 


8^, 


g- + ( 2/^j. - ^ U 


(.i.at 


dh 


dO '*■ ^ 

which give M ) f'' + 2 Mi® /''^ = ( X + /‘) (t'^ (■ I'^/sui'^ (/; (hlD) 

'2 ' dr 

X X (F'* + pa /siti2 e) + 2h f^ = 2 /I (F^/ siu'-* - F'**, col 0 (3.11) 

and the third is identically satisfied. 

As the left hand side and the right hand side of the equation (3,li)J are 
1 unctions ol r and $ respectively, wc get 


(■7 + “I” +2 /‘r® = r‘^X + 

F'^ + F^/sin^e =/| 

2 

where is an arbitrary constant. 
Solving (3-12) wc get 
whose solution is 


« (2 - c ) 

0 ' 


j. 2c 2 ( 1 - c ) r’^ 


(3.12) 

(3.13) 

(3.14) 


+e, 


(3.13) 
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9 

where r ^ and Cj are arbitrary constants, and 

• (2 

e = '2 M/ ( \ + 2 ^i), 0< c < 1 and k =2 (1 




( 3 . 16 ) 


We have to findF {6) satisfying (3*11) and (3’13). The equation (3*11) reduces 
after substiution from (3*13) to 


+ 2 F‘^ cot 6 == cot d 
du ^ 

which gives F!^ = /2 + 


(3.17) 


where % is an arbitrary constant. 


Since becomes infinite at 0 = 0, we must take = 0, so that 

0 * 

Hence, since the boundary is symmetrical with respect to the ‘origin we have 
F = $ ls/2 ^ (3.19) 

substituting (3*18) and (3*19) in (3*13) we get 

m 05 

01sin0 - 1, U 0I{0 - ~ + + ) = 1 (3.20) 

The equation (3*20) is a necessary condition for the consistency of the equations 
(3*1]) and (3*1 3) satisfied by F(0). It is satisfied only when the maximum value of (i 
( = radius of the circular plate in the strained state / the radius of the spherical 
shell), measured in radians, is so small that 0"^ can be neglected when compared to 0* 
This, however, will give a fairly good result upto i7 = 30^ (=:s0*5236 radians), 
because in this case 01 sin 0 = 1*0472, involving an error of less than five per 
cent. 


Stresses and Displacements. 

Substituting (3*13) (3*18) and (3' 19) in (3*7), we get 


V=t((3-2c)-4+Ii^Lii)£i4.1 

L r * 2 ( 1 - c ) r J 


'ee = 


c 


(3 -2c) 


( ' 


^ 2'^ 
C) Cj I 


2< 


J 


(3.21) 


(3-22) 
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Substituting (3‘]5) and (3i9)in (3‘5) wc gft the non-vanishing displacements 
“r A ta.ri(r2 “ 2c„^a^l/2 __ 

Jo 

"e \ ~ -■ * ‘a«"‘ /i- 1 X ,. --J./ol a 


F) - k tan“ ^ (r^ 


A*) ' /A J +ea -CoNI Y 


If wc assume that the point r = r^, ^ = 0 (centre of the circular plate) is 
fixed, we should have 

“r = = 0 when t =■ and 6 =sQ. 

The second of these equations is identically satisfied and the first gives 
c, = r, - ^,^1/2 ( ,2 - 2< ^ 

2 2 

The constants and are determined from the boundary conditions* 

ovtri decrease in the original thickness 2A of the plate can be determined if r, 
and yj are known. From (3*i:3) wc get 


,2-2<_ i.)>P . (,.2-2< . (,2-2< _ 

+ itan-‘(r^“^‘ - (3.2= 


Boundary conditions. 

i - 0 wh*n^‘'^-* “pply>”g fo>^ccs to the edge only, we should have 

~ u when r == r, and r = r, ^3 26) 

which give 

2 2 
2c^ (3 - 2c)cc^ 

~Jt - .. . 2 2( 3 - 2c) ( 3 , 27 ) 

^1 (I - e)f| 


2*2 (3 -2*)* *2 


4 (1 - «) r: 


2=2(3 - 2*) 


(3.28) 
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Sy solving tkese equations vve get 

< 2 - 2(1 -<) (< 2 ‘. < 2 ' 2 ‘ - < 2 - 2 *) 

.^ = (3-20 ^<^ <2)i(<2-2‘-<2-2‘) 


(3.29) 

(3.30) 


On the edge 0 = a, we have sin a J tan r d/ = 0 

fi 

because from the equation of equilibrium (3'8), the equation (3.22) and the boun- 
dary conditions (3*26) we have 

A a 

Therefore the distribution of tractions on the edge ^ = a give rise to a couple of 
moment M given by 


ilf ±= sin a / t r* dr 

fi 

which reduces on substitution from (3.22) to 


(3.31) 


M = 


[ 


(3-2e)(r| - 


rf) ( 1 - «) 


(,3-2. _ 


y3 - J 


(3-2.) 


] 


dn « (3.32) 


Thus we require a couple of moment of M, to keep the plate bent into a 
spherical surface of inner radius ri and outer radius r 2 i the curved surfaces f == fi 
and r ^ being free from tractions. This result obviates the need of an additional 
force on the edge of the spherical shell required in a previous result (6). Also 
when a = 0, we see that the couple M in (3*28) becomes zero, a result not obtained 
by Seth (6, 7). 


Numerical Examples 

(i) for t ==s 1/2, fjL 11 and = 13, we get 
« 0 = 2f, rj = 286, t] = 2 (fi -1- r, ) = 48 


3 M = /X ( Tj “ rj)’ sin a = 8 sin o 

and the equation (3.25) gives the original thickness of the plate to be 

2h = 2-25 


(3.33) 

(3.34) 
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i'hus the decreasing in thickness becomes 1 i percent* 
(ii) for c =3 3/4, =» 3 and — 4, we get 


1/2 1/2 


“I = ^ i r 2 "^ - ) (fji r.j I'-H Ti' - fi' ) - 2'>.15) 

«? = 3( r? - r^) I2ir}j^ ~ r, = 39'l7a 


3 M = 2 I* (4 - rj) - 13-06 ( rf- - 
= 0-63/* sin a 

The original thickness of the plate is found to be 
2h = ro3 

giving the decrease in thickness as 3 per cent. 


(3.35) 

(3.36) 


In (j) and (it) Seth’s rpult (6) give the decrease in thickness a.s 27 per cent and 
17 per cent respectively. The case of an incompressible plate, which was shown to 
be physically impossible (6), has been discussed iu detail in the following section. 


4. INCOMPRESSIULE PLATE 


In the incompressible case A oo (c — 0) and / approaches wro, so that A i 
has a finite limit (9). Therefore putting i » 0 we have 


,2 


/'» = 3 - i 0 

F'* + P/ sin* e = 
where is an arbitrary constant. 

Solving (4.1) we get 

/ = V 3 [ ( r* - fcj ) ’/'^ - ki tan-^ ( r» - /aJ + A, 

2 2 

where 3 A^ = A^ and A 2 is an arbitrary constant. 

Now \1 = |- [ ( 3 - /'^ ) - ^ ( F'^ + f2 / s\n ^0 ) ] 

With the help of (3-10) and (4i) this can be written as 

i = [3 i 4 2/. .2 .21 1 

2 V ^ (A + M )rM 2 dr •+ 2/* r / | J 

\y- ( Aj/2r^- 3) 


(4.1) 

(4.2) 


(4.3; 


(4.4) 


" ( 2 M + A) 

which gives in the limit (A. - c© ) 


Xj = (kll2r‘^ - 3) 
( 304 ) 


(4.5, 



As before, for small 0, F is given by 
F = koe I J2 

Then the equations corresponding to (3’21) to (3*25) are respectively 
given by 

Vr = ( 3 / 2r^ - 5) 

= - 2/^ 


r 

\ = r - ^/ 3 tan-i (r^ - 


1 - k e*h'2-k^ (4.9) 

J ° 


r r 2 9 "1 1 

u =••<! V3 I (r* - -fcjtan-* (r* - /Atj | +A - e /^2 (4.10) 

^ L L ' 1 j o J 

/ca = vVS f (r? - k, tao-H’'? /M (4.11) 

L J 


2A = ^3 I (rg - (^1 - -k:, tan-i (f“ - jk. 


+ tan-i (f^ - fc^)i/s /Ajj (4.12) 

If the inner surface r = is acted upon by a normal traction /* B, where B is 
a constant, we have tj.^ = /* jS when r = r^, which gives 

= 2r2(/3 + 5)/ 3 (4.13) 

9 9 

From (4.1) wc should have ^ 3 (4.14) 

which on substitution from (4*13) gives 

p < - m ( 4 . 15 ) 

The distribution of tractions on the edge $ — a, give rise to a force F, and a 
couple of moment Mi given by 


2 _2s 


F, sin a f dr — — l)‘ {r^ ~ rj)sin a 


(4- 16) 


o /. /• 3 3. 

fa 2 *^(t2“rj) 

Mj — sin « / t r dr — — s sin a 

Ti ^ 


(4.17) 
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I ' On the outer surface r ” wc have to apply an additional radial force 
given by 


F 






(4.18) 


Thus to bend an incompressible circular plate into a spherical shell of inner 
radius n and outer radius fj we require a resultant force Fi and a couple, of tnornent 
’Afj on the edge and the radial forces F 2 and /* ^ on the outer an 1 inner surfaces of 
the spherical shell respectively. 


5. SUMMARY 

An exact solution for the problem of finite bending of a circular plate into a 
spherical shell has been obtained when the ratio of the radius of the circular 
plate to the radius of the spherical shell is small. It is shown that the plate can 
be bent by supplying a couple to the edge only. The results have been 
compared with those obtained previously (6, 7). 
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